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In this paper we explore both theoretical and empirical evidence on communication with the general 
public. The model provides guidance for policymakers by highlighting some potentially important risks in 
communicating simply with a broader audience. In particular, in a model where trust and engagement are 
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R *QKKmMB+�iBQMb _2pQHmiBQM
*2Mi`�H #�MFb mb2/ iQ �bF ǳ.Q r2 +QKKmMB+�i2 i?Bb\Ǵ LQr- �b � `mH2- i?2v �bF ǳq?v
rQmH/MǶi r2 +QKKmMB+�i2 i?Bb\Ǵ UaFBM;bH2v kyRNVX h?Bb }`bi r�p2 Q7 i?2 `2pQHmiBQM BM
+2Mi`�H #�MF +QKKmMB+�iBQM Bb ;BpBM; `Bb2 iQ � b2+QM/ r�p2c i?2 [m2biBQM BM+`2�bBM;Hv
Bb ǳ>Qr b?QmH/ r2 +QKKmMB+�i2 i?Bb BM � r�v i?�i 2M;�;2b � #`Q�/2` +`Qbb@b2+iBQM Q7
bQ+B2iv\Ǵ h?Bb �//`2bb2b i?2 +?�HH2M;2 H�B/ Qmi #v "HBM/2` 2i �HX Ukyy3V i?�i ǳAi K�v #2
iBK2 iQ T�v bQK2 �ii2MiBQM iQ +QKKmMB+�iBQM rBi? i?2 ;2M2`�H Tm#HB+XǴ

h?2b2 irQ r�p2b Q7 i?2 +QKKmMB+�iBQM `2pQHmiBQM 7QHHQr2/ M�im`�HHv 7`QK i?2 ;`QrBM;
mM/2`bi�M/BM; Q7 i?2 +2Mi`�H `QH2 i?�i K�M�;2K2Mi Q7 2tT2+i�iBQMb TH�vb BM 2+QMQKB+
K�M�;2K2Mi U"HBM/2` kyyN- qQQ/7Q`/ kyyRV �M/ i?2 TQi2MiB�HHv BKTQ`i�Mi `QH2 i?�i
+2Mi`�H #�MF +QKKmMB+�iBQM ?�b QM 2tT2+i�iBQMbX "mi Km+? `2K�BMb iQ #2 mM/2`biQQ/-
2bT2+B�HHv +QM+2`MBM; i?2 b2+QM/ r�p2XR AM >�H/�M2 �M/ J+J�?QM UkyR3V- r2 �//`2bb2/
Bbbm2b Q7 72�bB#BHBiv �M/ /2bB`�#BHiv Q7 +QKKmMB+�iBQM rBi? i?2 ;2M2`�H Tm#HB+X h?Bb T�T2`
2tTHQ`2b- mbBM; � bBKTH2 i?2Q`2iB+�H 7`�K2rQ`F �M/ bmTTQ`iBM; 2KTB`B+�H �M�HvbBb- bQK2 Q7
i?2 +QM+2`Mb i?�i ?�p2 #22M `�Bb2/ �#Qmi bm+? #`Q�/2` +QKKmMB+�iBQM �M/ 2bT2+B�HHv i?2
TQi2MiB�H i?�i i?2b2 2zQ`ib K�v /Q KQ`2 ?�`K i?�M ;QQ/X q2 b2i Qmi � bBKTH2 7`�K2rQ`F
Q7 +QKTH2K2Mi�`v �+iBpBiB2b Ĝ i?2 j 1Ƕb Q7 1tTH�M�iBQM- 1M;�;2K2Mi �M/ 1/m+�iBQM Ĝ i?�i
K�v ?2HT i?2 +2Mi`�H #�MF iQ �pQB/ i?2 TQi2MiB�H TBi7�HHbX

�b r2 b?Qr BM b2+iBQM k- i?2 2pB/2M+2 bm;;2bib i?�i K�Mv ?Qmb2?QH/b K�v M2p2` 2M@
;�;2 rBi? +2Mi`�H #�MF +QKKmMB+�iBQM #2+�mb2 Bi Bb r`Bii2M BM � r�v i?�i i?2v +�MMQi
mM/2`bi�M/X h?Bb +QMi`B#mi2b iQ � H�+F Q7 i`mbi BM i?2 +2Mi`�H #�MF �b �M BM/2T2M/2Mi
BMbiBimiBQMX h?2b2 irBM /2}+Bib UQ7 mM/2`bi�M/BM; �M/ i`mbiV BKTBM;2 QM i?2 2{+�+v Q7
KQM2i�`v TQHB+v �M/- TQi2MiB�HHv- HBKBi i?2 �#BHBiv Q7 QT2`�iBQM�HHv@BM/2T2M/2Mi +2Mi`�H
#�MFb iQ K22i i?2 i2`Kb Q7 i?2B` bQ+B�H +QMi`�+i iQ b2`p2 i?2 r?QH2 TQTmH�iBQM �b r2HH
�b TQbbB#H2X Ai Bb i?Bb `2�HBb�iBQM i?�i ?�b bT�`F2/ i?2 b2+QM/ bi�;2 Q7 i?2 `2pQHmiBQM,
b?B7iBM; 7`QK i?2 i`�/BiBQM�H �m/B2M+2 7Q` +2Mi`�H #�MF +QKKmMB+�iBQM U}M�M+B�H K�`@
F2i T�`iB+BT�Mib �M/ DQm`M�HBbibV +QKKmMB+�i2/ pB� +QKTH2t- +�`27mHHv@+`�7i2/ `2TQ`ib-
bT22+?2b �M/ bi�i2K2Mib- iQr�`/ /B`2+iHv +QKKmMB+�iBM; rBi? � #`Q�/2` �m/B2M+2 Q7 i?2
;2M2`�H Tm#HB+X

q?BH2 �+FMQrH2/;BM; i?2 2pB/2M+2 QM irBM /2}+Bib Q7 mM/2`bi�M/BM; �M/ i`mbi- �M/
i?�i #`Q�/2` 2M;�;2K2Mi Bb BKTQ`i�Mi 7Q` /2KQ+`�iB+ �M/ TQHBiB+�H 2+QMQKv `2�bQMb-
bQK2 2+QMQKBbib ?�p2 2tT`2bb2/ +QM+2`Mb �#Qmi i?Bb M2r 7Q+mb 7Q` +QKKmMB+�iBQMX AM
T�`iB+mH�`- i?2`2 Bb +QM+2`M i?�i i?2 2+QMQKv Bb +QKTH2t �M/- �b � `2bmHi- KQM2i�`v TQHB+v
Bb MQi bBKTH2 #mi B7 +QKKmMB+�iBQM Bb iQQ bBKTHB}2/ i?2M T2QTH2 K�v /2p2HQT � 7�Hb2 b2Mb2
Q7 +2`i�BMiv �#Qmi i?2 +2Mi`�H #�MFb pB2rb �#Qmi i?2 2+QMQKvX .2HBp2`BM; bBKTH2 K2bb�;2b

RAKTQ`i�Mi T�T2`b BM i?Bb HBi2`�im`2 QM +QKKmMB+�iBM; rBi? i?2 rB/2` Tm#HB+ BM+Hm/2 E`vpibQp �M/
S2i2`b2M UkyRjV- "BM/2` UkyRdV- "`�mM UkyR3V- "?QH�i 2i �HX UkyR3V �M/ *QB#BQM 2i �HX UkyRNVX

R



+QmH/ mHiBK�i2Hv H2�/ i?2 Tm#HB+ iQ #2 /Bb�TTQBMi2/ B7 i?2 +2Mi`�H #�MF /Q2bMǶi /2HBp2` QM
Bib +QKKmMB+�i2/ 7Q`2+�bibX

AM Q`/2` iQ 2tTHQ`2 i?Bb B/2�- r2 /2p2HQT � 7`�K2rQ`F BM b2+iBQM j BM i?2 bTB`Bi Q7 i?2
`�iBQM�H BM�ii2MiBQM HBi2`�im`2 #mi BM+Hm/2 i?`22 BKTQ`i�Mi /BK2MbBQMb, URV � b2+QM/ 7Q`K
Q7 +QKKmMB+�iBQM i?�i Bb 2�bB2` iQ `2�/ #mi i?�i +QK2b rBi? i?2 +Qbi i?�i i?2 ?Qmb2?QH/
KBbb2b i?2 mM+2`i�BMiv �`QmM/ i?Qb2 7Q`2+�bibX h?Bb K2�Mb i?�i r?2M i?2 rQ`H/ /Q2bMǶi
im`M Qmi 2t�+iHv �b i?2 +2Mi`�H #�MF T`2/B+i2/- ?Qmb2?QH/b �`2 bm`T`Bb2/X UkV q2 +?�M;2
i?2 bi`m+im`2 Q7 +Qbib 7Q` /Bz2`2Mi ?Qmb2?QH/b `2�/BM; i?2 +2Mi`�H #�MF +QKKmMB+�iBQMX
h?2 ?Qmb2?QH/ rBHH MQ HQM;2` �// B/BQbvM+`�iB+ MQBb2 iQ i?2 bB;M�H #mi `�i?2` bQK2 rBHH-
#2+�mb2 Q7 iQQ ?B;? +Qbib- bBKTHv +?QQb2 iQ #2 mMBM7Q`K2/X UjV q2 BMi`Q/m+2 � `2/m+2/@
7Q`K +QM+2Ti Q7 i`mbi BMiQ i?2 KQ/2HX q2 �bbmK2 i?�i i?Bb i`mbi 2pQHp2b /vM�KB+�HHv BM
i?2 KQ/2H- `BbBM; r?2M i?2 +2Mi`�H #�MF 2M;�;2b i?2 Tm#HB+ #mi 7�HHBM; r?2M i?2 Tm#HB+
�`2 bm`T`Bb2/ #v i?2 Qmi+QK2b BM i?2 2+QMQKvX h?2 +Qbi Q7 `2�/BM; i?2 +2Mi`�H #�MF
K�i2`B�H Bb HBMF2/ iQ i?2 ?Qmb2?QH/Ƕb H2p2H Q7 i`mbiX

q?BH2 +H2�`Hv /2bB;M2/ iQ 2KT?�bBb2 i?2 TQi2MiB�H +QM+2`Mb �#Qmi bBKTHB}2/ +QK@
KmKB+�iBQM- i?2 KQ/2H ?�b #Qi? �M QTiBKBbiB+ �M/ � +�miBQM�`v K2bb�;2X aBKTHB}2/
+QKKmMB+�iBQM +�M BM+`2�b2 i?2 T`QTQ`iBQM Q7 i?2 TQTmH�iBQM T�vBM; �ii2MiBQM iQ +2M@
i`�H #�MF K2bb�;2b r?B+? �HbQ #mBH/b i`mbi �M/- �b � `2bmHi- BM+`2�b2 r2H7�`2X >Qr2p2`-
i?Bb Bb � i`�MbBiQ`v bi�i2 rBi?Qmi 7m`i?2` BMi2`p2MiBQMX h`mbi mHiBK�i2Hv 7�HHb r?2M i?2
?Qmb2?QH/ Q#b2`p2b i?�i `2�HBiv /B/ MQi 2t�+iHv K�i+? i?2 +QKKmMB+�i2/ bB;M�Hc i?2 M2i
2z2+i Qp2`�HH Bb i?�i- BM 2tT2+i�iBQM- i?2 i`mbi Q7 2�+? ?Qmb2?QH/ r?Q T�vb �ii2MiBQM iQ
i?2 bBKTHB}2/ +QMi2Mi 7Q` �i H2�bi QM2 T2`BQ/ rBHH #2 HQr2` BM i?2 M2r bi2�/v bi�i2 i?�M
BM T2`BQ/ y- #27Q`2 i?2 BMi`Q/m+iBQM Q7 i?2 M2r +QKKmMB+�iBQMX qBi?Qmi BMi2`p2MiBQM-
r2H7�`2 rQmH/ #2 HQr2`2/ BM i?2 FBM/ Q7 2MpB`QMK2Mi T2QTH2 ?�p2 #22M +QM+2`M2/ �#QmiX

q?BH2 bBKTHB}2/ +QKKmMB+�iBQM �HQM2 Bb MQi 2MQm;?- BM bm+? �M 2MpB`QMK2Mi +2Mi`�H
#�MFb +�M i�F2 �+iBQM iQ BM~m2M+2 i?2 bT22/ Q7 i`�MbBiBQM iQ i?2 HQr2` r2H7�`2 bi2�/v
bi�i2 �M/ i?2`2#v +�M 2ti2M/ i?2 iBK2 /m`BM; r?B+? r2H7�`2 Bb #QQbi2/X q2 2tTHQ`2 bm+?
+QKTH2K2Mi�`v �+iBpBiB2b BM b2+iBQM 9 mM/2` � 7`�K2rQ`F Q7 j 1Ƕb Q7 Tm#HB+ +QKKmMB+�iBQM,
1tTH�M�iBQM- 1M;�;2K2Mi �M/ 1/m+�iBQMX h?2b2 i?`22 TBHH�`b �`2 +H2�`Hv HBMF2/ Ĝ KQ`2
2/m+�iBQM BM+`2�b2b i?2 +?�M+2b Q7 2M;�;2K2Mi �M/ K�F2b 2tTH�M�iBQM 2�bB2`X *2Mi`�H
#�MFb ?�p2 K�/2 ;`2�i bi`B/2b BM �HH i?`22 BM �//`2bbBM; i?2 irBM /2}+BibX Pm` rQ`F
bm;;2bib i?�i i?2b2 `2H�i2/ 2M/2�pQm`b K�v MQi bBKTHv #2 ǵMB+2@iQ@?�p2bǶX _�i?2` i?2v
K�v #2 ǵM22/@iQ@?�p2bǶ B7 +2Mi`�H #�MFb �`2 iQ `2�+? i?2 T2QTH2 +m``2MiHv #v@T�bb2/ #v
+2Mi`�H #�MF +QKKmMB+�iBQM- K�BMi�BM i?Bb `2�+? �M/ #mBH/ /m`�#H2 H2p2Hb Q7 i`mbiX

*2Mi`�H #�MF +QKKmMB+�iBQM QM KQM2i�`v TQHB+v �//`2bb2b #Qi? ?B;? 7`2[m2M+v Bbbm2b
Ubm+? �b +m``2Mi 2+QMQKB+ +QM/BiBQMb �M/ KQM2i�`v TQHB+v /2+BbBQMbV- �b r2HH �b HQr
7`2[m2M+v QM2b Ubm+? �b i?2 7`�K2rQ`F 7Q` KQM2i�`v TQHB+vVX h?2 K�BM 7Q+mb Q7 i?Bb

k



T�T2` Bb �/�TiBM; ?B;? 7`2[m2M+v iQ #2 bmBi�#H2 7Q` � rB/2` �m/B2M+2 Bb i?2 KQbi MQp2H
T�`i Q7 i?2 `2+2Mi Tmb? iQ +QKKmMB+�i2 rBi? i?2 ;2M2`�H Tm#HB+X *QKKmMB+�iBQM rBi? �
#`Q�/2` �m/B2M+2 Bb �i i?2 ?2�`i Q7 i?2 BM~�iBQM i�`;2iBM; 7`�K2rQ`Fc i?2 i�`;2i Bb Bib2H7
� HQr 7`2[m2M+v +QKKmMB+�iBQM K2/BmKX "mi BM � rQ`H/ Q7 HQr i`mbi- 2p2M HQr 7`2[2mM+v
+QKKmMB+�iBQM K�v M22/ iQ #2 bB;MB}+�MiHv 2M?�M+2/X q2 +QM+Hm/2 i?2 T�T2` rBi? �
#`B27 /Bb+mbbBQM Q7 i?2 Qp2`H�T Q7 i?2 j 1Ƕb `2;�`/BM; HQr 7`2[m2M+v +QKKmMB+�iBQM �b r2HH
�b ?B;?HB;?i bQK2 Q7 i?2 +m``2Mi 2zQ`ib �M/ +?�HH2M;2b �`QmM/ i?2K Ub2+iBQM 8VX

qBHH 2tBbiBM; 2zQ`ib iQ +2Mi`�H #�MFbǶ Qmi`2�+?- 2M;�;2K2Mi �M/ 2/m+�iBQM #2 bm++2bb@
7mH\ qBHH i?2 M2r �TT`Q�+?2b /2HBp2` bB;MB}+�Mi T2M2i`�iBQM BMiQ T`2pBQmbHv mM2M;�;2/
T�`ib Q7 i?2 TQTmH�iBQM\ h?2 Dm`v Bb biBHH Qmic "HBM/2` UkyR3V Bb T2bbBKBbiB+ �M/ #2HB2p2b
i?�i +2Mi`�H #�MFb �`2 HBF2Hv iQ +QMiBMm2 iQ 7�BH iQ H�M/ i?2B` K2bb�;2b rBi? i?2 ;2M2`�H
Tm#HB+X "mi ;Bp2M i?�i i?Bb b2+QM/ r�p2 Q7 i?2 +2Mi`�H #�MFBM; +QKKmMB+�iBQM `2pQHmiBQM
Bb mMHBF2Hv iQ /Bb�TT2�` �MviBK2 bQQM- 7m`i?2` `2b2�`+? BMiQ i?Bb Bbbm2 Bb � KmbiX h?Bb
b?QmH/ BM+Hm/2 +QMiBMm2/ �bb2bbK2Mi Q7 i?2 Qmi+QK2b Q7 M2r �TT`Q�+?2b- �b r2HH �b T`Q@
pB/BM; bm;;2biBQMb iQ BKT`Qp2 `2bmHib rBi? MQp2H �TT`Q�+?2b Q` `2}M2K2Mib iQ 2tBbiBM;
�ii2KTibX

k *2Mi`�H "�MF *QKKmMB+�iBQM �M/ h`mbi
.Q2b Bi K�F2 2+QMQKB+ b2Mb2 iQ ?�p2 ?B;?@7`2[m2M+v +QKKmMB+�iBQM rBi? i?2 ;2M2`�H
Tm#HB+\ Ai /Q2b iQ i?2 2ti2Mi i?�i 2tT2+i�iBQMb �`2 BKTQ`i�Mi 7Q` 2+QMQKB+ /vM�KB+b U�b
BM i?2 L2r E2vM2bB�M KQ/2H BM :�Hő UkyR8VV �M/ +QKKmMB+�iBQM +�M �B/ 2tT2+i�iBQMb
K�M�;2K2Mi U"HBM/2` kyyN- qQQ/7Q`/ kyyRVX AM bi�M/�`/ 2+QMQKB+ 2MpB`QMK2Mib- i?2`2@
7Q`2- +2Mi`�H #�MFb rBb?BM; iQ +QMi`QH BM~�iBQM +�M #2M2}i 7`QK mbBM; +QKKmMB+�iBQM iQ
b?�`2 �Mv T`Bp�i2 BM7Q`K�iBQM �M/ BM~m2M+2 BM~�iBQM 2tT2+i�iBQMbX

AM >�H/�M2 2i �HX UkyRNV- r2 2tTHQ`2 i?Bb [m2biBQM BM � KQ/2H BM r?B+? �;2Mib /Q
MQi #2+QK2 7mHHv BM7Q`K2/ #mi `�i?2` �`2 `�iBQM�HHv BM�ii2MiBp2X h?2 K�BM }M/BM; Bb i?�i
+2Mi`�H #�MFb b?QmH/ T`QpB/2 �b Km+? /2i�BH �b TQbbB#H2 2p2M i?Qm;? bQK2 ?Qmb2?QH/b rBHH
QTiBK�HHv T�v HBiiH2 �ii2MiBQM UǵbFBK `2�/ǶV iQ i?2 bB;M�HbXk h?Bb }M/BM; Bb- 2bb2MiB�HHv-
i?2 �TT`Q�+? i�F2M #v KQbi BM~�iBQM@i�`;2iBM; +2Mi`�H #�MFbX h?2v `2;mH�`Hv `2H2�b2 �
H�`;2 �KQmMi Q7 ?B;?Hv@/2i�BH2/ BM7Q`K�iBQMX ai�i2K2Mib Q7 TQHB+v /2+BbBQMb- AM~�iBQM
_2TQ`ib- KBMmi2b Q7 K22iBM;b- bT22+?2b- 7Q`2+�bi BM7Q`K�iBQM- BM7Q`K�iBQM QM i?2 KQ/2Hb
mb2/- 2i+XXX �`2 ivTB+�HHv �HH �p�BH�#H2 QM +2Mi`�H #�MF r2#bBi2b 7Q` �MvQM2 iQ `2�/X

kaBM+2 ?Qmb2?QH/b BM i?Bb 7`�K2rQ`F +?QQb2 QTiBK�HHv ?Qr Km+? �ii2MiBQM iQ T�v iQ bB;M�Hb �#Qmi
i?2 b?Q+Fb- �M/ i?2 +2Mi`�H #�MF +�M p�`v i?2 T`2+BbBQM Q7 Bib bB;M�H UKQ`2 T`2+Bb2 bB;M�Hb �`2 KQ`2 +QbiHv
iQ T`Q+2bbV- i?2 +2Mi`�H #�MF QTiBK�HHv +?QQb2b ?Qr T`2+Bb2Hv iQ +QKKmMB+�i2 BM Q`/2` KBMBKBb2 r2H7�`2
HQbb2bX J�FBM; i?2 bB;M�Hb 2�bB2` iQ `2�/ BMpQHp2b K�FBM; i?2K H2bb T`2+Bb2- #mi �Mv bm+? Tm#HB+ MQBb2
Bb +QKKQM iQ �HH ?Qmb2?QH/b �M/ bQ ?Qmb2?QH/b +Q@Q`/BM�i2 QM Bi H2�/BM; iQ BM2{+B2Mi ~m+im�iBQMb BM
+QMbmKTiBQMX �M/ bQ KQ`2 +2Mi`�H #�MF T`2+BbBQM Bb QTiBK�HX
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"mi i?2 Bbbm2 Bb MQi i?�i ?Qmb2?QH/b bFBK `2�/ i?2 K�i2`B�HX _�i?2` KQbi ?Qmb2?QH/b
/Q MQi `2�/ Bi �i �HHX 6Q` K�Mv- BM 7�+i- i?2v +�M MQi `2�/ BiX �b /Bb+mbb2/ BM >�H/�M2
UkyRdV- *Q2M2M 2i �HX UkyRdV �M/ >�H/�M2 �M/ J+J�?QM UkyR3V- i?2 K�BM +2Mi`�H #�MF
Tm#HB+�iBQMb BM K�Mv �/p�M+2/ 2+QMQKB2b BM+Hm/BM; i?2 lE �M/ la ?�/ � `2�/BM; ;`�/2
H2p2H Q7 #2ir22M R9@R3 �++Q`/BM; iQ i?2 6H2b+?@EBM+�B/ `2�/BM; ;`�/2 b+Q`2X h?Bb Bb
`Qm;?Hv 2[mBp�H2Mi iQ +QHH2;2@H2p2H �M/ Bb- QM i?2 #�bBb Q7 i?2 TQTmH�iBQM /Bbi`B#miBQM
Q7 HBi2`�+v �+`Qbb i?2 TQTmH�iBQM- BM�++2bbB#H2 iQ �#Qmi NyW Q7 i?2 ;2M2`�H Tm#HB+X h?2
K�DQ`Biv Q7 T2QTH2 T`2bmK�#Hv /Q MQi 2p2M �ii2KTi iQ 2M;�;2 rBi? i?2 K�i2`B�H BM- 7Q`
2t�KTH2- �M AM~�iBQM _2TQ`iX UaT22+?2b #v TQHBiB+B�Mb- #v +QMi`�bi- �`2 Km+? bBKTH2` Ĝ
�`QmM/ ;`�/2 3 H2p2H Ĝ �M/ bQ �++2bb#BH2 iQ mT iQ ?�H7 i?2 TQTmH�iBQMXV

AM bm+? �M 2MpB`QMK2Mi- Bb Bi �Mv bm`T`Bb2 i?�i K�Mv ?Qmb2?QH/b ?�p2 HBiiH2 mM/2`@
bi�M/BM; Q7 KQM2i�`v TQHB+v Q` i?2 BMbiBimiBQMb i?�i b2i TQHB+v\ "mi Bi Bb MQi Dmbi � /2}+Bi
Q7 mM/2`bi�M/BM; i?�i ?�b +QM+2`M2/ +2Mi`�H #�MFb `2+2MiHvX Ai Bb i?2 7�+i i?�i i?Bb /2}+Bi
Q7 mM/2`bi�M/BM; ivTB+�HHv ;Q2b ?�M/ BM ?�M/ rBi? � /2}+Bi Q7 i`mbi BM i?2 BMbiBimiBQM
U>�H/�M2 kyRdVXj h?Bb irBM /2}+Bi Bb 2pB/2Mi BM `2bTQMb2b iQ i?2 "�MF Q7 1M;H�M/Ƕb AM@
~�iBQM �iiBim/2b am`p2vc i?Bb Bb � bm`p2v Q7 �`QmM/ k-yyy BM/BpB/m�Hb +QM/m+i2/ bBM+2
kyyR Ub22 �HbQ CQbi UkyRdV �M/ _Q+F�HH UkyR3VVX hQ +QMbi`m+i �M BM/2t Q7 KQM2i�`v TQHB+v
FMQrH2/;2 �KQM; i?2 ;2M2`�H Tm#HB+ U?2`2�7i2` +�HH2/ i?2 ǳFMQrH2/;2 BM/2tǴV- r2 mb2
`2bTQMb2b iQ i?`22 [m2biBQMb �#Qmi i?2 BMbiBimiBQM�H bi`m+im`2 Q7 KQM2i�`v TQHB+v 7`QK
i?2 bm`p2v,

Ç ZRR, q?B+? ;`QmT Q7 T2QTH2 b2i "`Bi�BMǶb #�bB+ BMi2`2bi `�i2 H2p2H\
Ç ZRk, q?B+? Q7 i?2b2 ;`QmTb /Q vQm i?BMF b2ib i?2 BMi2`2bi `�i2b\
Ç ZRj, q?B+? Q7 i?2b2 /Q vQm i?BMF #2bi /2b+`B#2b i?2 JQM2i�`v SQHB+v *QKKBii22\
6Q` 2�+? [m2biBQM- `2bTQM/2Mib ;2iiBM; i?2 +Q``2+i �Mbr2` �//b Yk iQ i?2 FMQrH2/;2

b+Q`2- �/KBiiBM; vQm /QMǶi FMQr vB2H/b YR �M/ ;2iiBM; Bi r`QM; vB2H/b yX h?Bb BM/2t `mMb
7`QK � b+Q`2 Q7 bBt UǳT2`72+i FMQrH2/;2ǴV i?`Qm;? i?`22 Uǳ�/KBii2/ MQ FMQrH2/;2ǴV iQ
x2`Q Uǳ:2ib 2p2`v �Mbr2` r`QM;ǴVX

h?2 iQT T�M2H Q7 h�#H2 R b?Qr i?2 K2�M Qp2`�HH FMQrH2/;2 b+Q`2 BM i?2 lE bm`p2v Qp2`
i?2 T�bi Rd v2�`bX �i #2bi- i?Bb ?�b ~�i@HBM2/ /2bTBi2 i?2 BM+`2�b2 BM +QKKmMB+�iBQM #v i?2
"�MF Q7 1M;H�M/ Qp2` i?2 T2`BQ/ bm;;2biBM; i?�i i?2 Tm#HB+Ƕb mM/2`bi�M/BM; Q7 KQM2i�`v
TQHB+v bi`m+im`2b �TT2�`b iQ ?�p2 #22M H�`;2Hv BKKmM2 iQ +2Mi`�H #�MFbǶ +QKKmMB+�iBQM
`2pQHmiBQMX "mi i?2 �;;`2;�i2 2pQHmiBQM K�bFb bB;MB}+�Mi bi`�iB}+�iBQM BM FMQrH2/;2
b+Q`2b #v �;2- 2/m+�iBQM �M/ bQ+B�H +H�bb U�b r2HH �b #v BM+QK2V- rBi? i?2 vQmM;- H2bb
r2HH@2/m+�i2/ �M/ TQQ` #2BM; K�i2`B�HHv H2bb FMQrH2/;2�#H2X 6Q` 2t�KTH2- i?Qb2 BM bQ+B�H
+H�bb �" UmTT2` KB//H2 �M/ KB//H2 +H�bbV ?�p2 �M BM/2t b+Q`2 je T2`+2Mi�;2 TQBMib
?B;?2` i?�M i?Qb2 BM ;`�/2 .1 UrQ`FBM; �M/ MQM@rQ`FBM; +H�bbVX h?Bb bm;;2bib i?�i

ja22 �HbQ "`�mM UkyReV r?Q �HbQ /Bb+mbb2b i?2 Bbbm2 Q7 i`mbi BM +QKKmMB+�iBQM rBi? i?2 ;2M2`�H Tm#HB+X
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+2Mi`�H #�MFbǶ +m``2Mi +QKKmMB+�iBQMb BMBiB�iBp2b �`2 #v@T�bbBM; H�`;2 +Q?Q`ib Q7 bQ+B2ivX
h?2 +QKKmMB+�iBQMb `2pQHmiBQM ?�b #22M b2H2+iBp2 U>�H/�M2 �M/ J+J�?QM kyR3VX

lbBM; i?2 bm`p2v �Mbr2` iQ ZR9- r?B+? �bFb ǳPp2`�HH- ?Qr b�iBb}2/ Q` /Bbb�iBb}2/ �`2
vQm rBi? i?2 r�v i?2 "�MF Q7 1M;H�M/ Bb /QBM; Bib DQ# iQ b2i BMi2`2bi `�i2b BM Q`/2` iQ
+QMi`QH BM~�iBQM\Ǵ- r2 +QMbi`m+i � K2�bm`2 Q7 b�iBb7�+iBQM rBi? +2Mi`�H #�MFbǶ �+iBQMbX
h?Bb b2`p2b �b � T`Qtv 7Q` i`mbi �M/ `mMb 7`QK 8 UKQbi b�iBb}2/ f ?B;?2bi i`mbiV iQ R UmM@
b�iBb}2/ f HQr2bi i`mbiVX h?2 HQr2` T�M2H BM h�#H2 R b?Qrb i?2 K2�M Q7 b�iBb7�+iBQMfi`mbi
T`Qtv b+Q`2X �b rBi? Qi?2` i`mbi K2�bm`2b 7`QK Qi?2` bm`p2vb- i?Bb /2+HBM2/ /m`BM; �M/
7QHHQrBM; i?2 }M�M+B�H +`BbBb �M/ ?�b v2i iQ 7mHHv `2+Qp2`X h?Bb T�ii2`M BM b�iBb7�+iBQMfi`mbi
b+Q`2b BM +2Mi`�H #�MFbǶ �+iBQMb ?�b #22M #`Q�/Hv@#�b2/ �+`Qbb /2KQ;`�T?B+ ;`QmTb �M/
�+`Qbb +QmMi`B2bX

P7 +Qm`b2- QM2 +QM+2`M Bb i?�i i?2 K2�bm`2 b�iBb7�+iBQM Bb MQi � ;QQ/ T`Qtv 7Q` i`mbiX
q2 +?2+F i?Bb mbBM; i?2 bm`p2v 7Q` kyRd r?2M i?2`2 r�b �HbQ � [m2biBQM �#Qmi +`2/B#BHBivc
i?2 }`bi T�`i Q7 Zkd �bFb `2bTQM/2Mib iQ r?�i 2ti2Mi i?2v �;`22 i?�i i?2 "�MF Q7 1M;H�M/
Bb +`2/B#H2X AM kyRd r?2M r2 ?�p2 #Qi? +QM+2Tib K2�bm`2/- i?2`2 Bb bi�iBbiB+�HHv bB;MB}+�Mi
TQbBiBp2 +Q``2H�iBQM UyX9eV #2ir22M i?2 +`2/B#BHBiv b+Q`2 �M/ i?2 i`mbi T`QtvX *QHmKM URV
Q7 i�#H2 k b?Qrb i?�i i?Bb +Q``2H�iBQM bm`pBp2b i?2 BM+HmbBQM Q7 MmK2`Qmb /2KQ;`�T?B+
+QMi`QHbX *QHmKM UkV �//b i?2 BMbiBimiBQM�H FMQrH2/;2 �M/ 2+QMQKB+ FMQrH2/;2 b+Q`2b
iQQc i?2 7Q`K2` Bb �HbQ �M BKTQ`i�Mi +Q``2H�i2X *QHmKMb UjV@U8V BMbi2�/ 7Q+mb QM i?2
+Q``2H�i2b /`BpBM; i?2 i`mbi T`Qtv rBi? UjV b?QrBM; i?2 `2p2`b2/ `2;`2bbBQM 7`QK UkV- U9V
b?Qrb i?�i 2p2M 2t+Hm/BM; i?2 *`2/B#BHBiv K2�bm`2- BMbiBimiBQM�H FMQrH2/;2 Bb � bB;M}+�Mi
+Q``2H�i2 BM kyRd- �M/ U8V b?Qrb i?�i i?Bb `2H�iBQMb?BT BM kyRd Bb p2`v bBKBH�` iQ i?2
`2H�iBQMb?BT �+Q`bb i?2 r?QH2 b�KTH2 U7Q` r?B+? i?2 +`2/B#BHBiv b+Q`2 Bb MQi �p�BH�#H2VX

�b �`;m2/ BM >�H/�M2 �M/ J+J�?QM UkyR3V- QM2 Q7 i?2 `2�bQMb i?�i � +2Mi`�H #�MF
K�v r�Mi iQ +QKKmMB+�i2 KQ`2 /B`2+iHv rBi? i?2 ;2M2`�H Tm#HB+ Bb iQ i`v iQ #mBH/ Tm#HB+
mM/2`bi�M/BM; �b � K2�Mb Q7 2bi�#HBb?BM; i`mbi �M/ +`2/B#BHBiv �#Qmi +2Mi`�H #�MFb �M/
i?2B` TQHB+B2bX "mi r?v- �T�`i 7`QK T`Q72bbBQM�H T`B/2- b?QmH/ � +2Mi`�H #�MF +�`2 r?2i?2`
T2QTH2 i`mbi Bi\ a?QmH/MǶi Bi bBKTHv ;2i QM rBi? Bib DQ# Q7 b2iiBM; i?2 #2bi BMi2`2bi `�i2
r?B+? rBHH- bQK2iBK2b- BMpQHp2 /B{+mHi /2+BbBQMb\ 6B`bi- i?Bb Bb BKTQ`i�Mi 7Q` `2�bQMb
Q7 TQHBiB+�H �++QmMi�#BHBiv- 2Mbm`BM; QT2`�iBQM�HHv BM/2T2M/2Mi +2Mi`�H #�MFb �`2 K22iBM;
i?2 i2`Kb Q7 i?2B` bQ+B�H +QMi`�+i rBi? rB/2` bQ+B2ivX

�MQi?2` `2�bQM iQ i`v iQ #mBH/ i`mbi Bb i?�i i`mbi ?2HTb K�M�;2 2tT2+i�iBQMbX h?2
/�i� BM i?2 lE Bb +QMbBbi2Mi rBi? i`mbi #2BM; �M BKTQ`i�Mi /`Bp2` Q7 2tT2+i2/ BM~�iBQM
Ub22 �M�HvbBb #2HQr r?B+? 2tT�M/b QM i?2 �M�HvbBb BM >�H/�M2 �M/ J+J�?QM UkyR3V �M/
_Q+F�HH UkyR3VVX h?2`2 Bb ;`QrBM; 2pB/2M+2 i?�i BM~�iBQM 2tT2+i�iBQMb �z2+i 2+QMQKB+
+?QB+2b K�/2 #v ?Qmb2?QH/bX h?Bb 2pB/2M+2 BM+Hm/2b 2z2+ib QM K�DQ` Tm`+?�b2 /2+B@
bBQMb �M/ }M�M+B�H +?QB+2bX "�+?K�MM 2i �HX UkyR8V b?Qr i?�i ?B;?2` 2tT2+i2/ BM~�iBQM
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h�#H2 k, _2;`2bbBQM �M�HvbBb Q7 BM~�iBQM �iiBim/2b bm`p2v
URV UkV UjV U9V U8V

*`2/B#BHBiv *`2/B#BHBiv h`mbi S`Qtv h`mbi S`Qtv h`mbi S`Qtv

h`mbi S`Qtv yXjN   yXjd   
(yXyy) (yXyy)

EMQrH2/;2 yXy8k   yXyek   yXRy   yXRk   
(yXyy) (yXyy) (yXyy) (yXyy)

1+QM EMQrH2/;2 @yXyk8 yXyky yXyRR yXyydy
(yXR3) (yXjj) (yXek) (yXR8)

*`2/B#BHBiv yX9N   
(yXyy)

*QMbi�Mi kXRN   kXRy   RXky   kXdk   kXdd   
(yXyy) (yXyy) (yXyy) (yXyy) (yXyy)

P#b2`p�iBQMb j-j3k j-j3k j-j3k j-8Nd e8-Ny8
_@b[m�`2/ yXkdk yXk3y yXkee yXRyk yXy3d

1biBK�iBQM PGa PGa PGa PGa PGa
.2KQ;`�T?B+ *QMi`QHb u2b u2b u2b u2b u2b
u2�` 6Bt2/ 1z2+ib LQ LQ LQ LQ LQ
a�KTH2 kyRd kyRd kyRd kyRd kyyR@kyRN

LQi2b, h`mbi S`Qtv K2�bm`2b `2bTQM/2Mi b�iBb7�+iBQM rBi? ?Qr i?2 "�MF Bb +�``vBM; Qmi
KQM2i�`v TQHB+v iQ +QMi`QH BM~�iBQM- EMQrH2/;2 Bb i?2B` b+Q`2 BM i2`Kb Q7 mM/2`bi�M/BM;
i?2 BMbiBimiBQMb b2iiBM; KQM2i�`v TQHB+v- �M/ 1+QM EMQrH2/;2 Bb i?2B` b+Q`2 BM i2`Kb Q7
mM/2`bi�M/BM; Q7 ?Qr KQM2i�`v TQHB+v �z2+ib i?2 2+QMQKvX S@p�Hm2b +QMbi`m+i2/ mbBM;
`Q#mbi bi�M/�`/ 2``Q`b �`2 `2TQ`i2/ BM #`�+F2ib #2HQr i?2 +Q2{+B2Mi 2biBK�i2bX .2KQ@
;`�T?B+ +QMi`QHb 7Q` ;2M/2`- �;2- BM+QK2- +H�bb- rQ`FBM; bi�imb- ?QmbBM; i2Mm`2- 2/m+�iBQM-
�M/ `2;BQM �`2 BM+Hm/2/X

d



bHB;?iHv BM+`2�b2b la +QMbmK2`bǶ `2�/BM2bb iQ bT2M/ QM /m`�#H2b BM MQ`K�H iBK2b r?BH2
.m+� 2i �HX UkyR3V }M/ � bBKBH�` 2z2+i BM i?2 2m`Q@�`2� +QMbmK2`b #mi i?2 BM+`2�b2 BM
HBF2HB?QQ/ Q7 K�FBM; � K�F2 K�DQ` Tm`+?�b2 Bb T�`iB+mH�`Hv bi`QM; �i i?2 2z2+iBp2 HQr2`
#QmM/X J�HK2M/B2` �M/ L�;2H UkyReV b?Qr ?Qmb2?QH/ K2�bm`2b Q7 BM~�iBQM 2tT2+i�iBQMb
2tTH�BM ?Qmb2?QH/ }M�M+B�H /2+BbBQMb bm+? �b r?2i?2` iQ ?�p2 � }t2/ Q` ~Q�iBM; `�i2
KQ`i;�;2X �`K�MiB2` 2i �HX UkyR8V b?Qr +QMbmK2` BM~�iBQM 2tT2+i�iBQMb �`2 +Q``2H�i2/
rBi? i?2B` 2tT2`BK2Mi@#�b2/ BMp2biK2Mi +?QB+2b- #mi �HbQ i?�i i?Qb2 T�`iB+BT�Mib r?Qb2
#2?�pBQm` Bb MQi +QMbBbi2Mi rBi? 2+QMQKB+ i?2Q`v ?�p2 HQr2` 2/m+�iBQM �M/ 2+QMQKB+
HBi2`�+vX o2HH2FQQT �M/ qB2/2`?QHi UkyR3V b?Qr i?�i ?B;?2` BM~�iBQM 2tT2+i�iBQMb H2�/
?Qmb2?QH/b iQ �++mKmH�i2 H2bb M2i rQ`i? /`Bp2M #v #Qi? HQr2` �bb2i ?QH/BM;b Ubm+? �b
b�pBM;b �++QmMi- #QM/b- �M/ biQ+FbV �M/ �HbQ HQr2` HB�#BHBiB2bX

h�#H2 j b?Qrb i?2 `2H�iBQMb?BT #2ir22M Qm` i`mbi T`Qtv �M/ �#bQHmi2 p�Hm2b Q7 /2pB�@
iBQMb Q7 ?Qmb2?QH/ BM~�iBQM 2tT2+i�iBQMb 7`QK i?2 BM~�iBQM i�`;2iX h?2`2 �`2 irQ +QHmKMb
2�+? 7Q` R@v2�`@�?2�/ U+QHmKMb URV@UkVV- k@v2�`@�?2�/ U+QHmKMb UjV@U9VV �M/ 8@v2�`@�?2�/
BM~�iBQM 2tT2+i�iBQMb U+QHmKMb U8V@UeVVX AM i?2b2 `2;`2bbBQMb- r2 +QMi`QH 7Q` i?2 K2�bm`2b
Q7 #Qi? BMbiBimiBQM�H FMQrH2/;2 �M/ FMQrH2/;2 Q7 i?2 i`�MbKBbbBQM K2+?�MBbK- �b r2HH �b
iBK2 }t2/@2z2+ib �M/ p�`BQmb /2KQ;`�T?B+ 7�+iQ`b U;2M/2`- �;2- BM+QK2- +H�bb- rQ`FBM;
bi�imb- ?QmbBM; i2Mm`2- 2/m+�iBQM- �M/ `2;BQMVX GQr2` i`mbi Bb �bbQ+B�i2/ rBi? BM~�iBQM
2tT2+i�iBQMb i?�i �`2 7m`i?2` 7`QK i?2 BM~�iBQM i�`;2iX JQ`2Qp2`- BM+Hm/BM; [m�/`�iB+
i2`Kb bm;;2bib i?�i i?2b2 /2pB�iBQMb ;`Qr �b i`mbi 7�HHbX h?Bb bm;;2bib i?�i i?2 ;�BMb iQ
#mBH/BM; i`mbi- �b K2�bm`2/ #v i?2 /2;`22 Q7 �M+?Q`BM; Q7 BM~�iBQM 2tT2+i�iBQM- rBHH #2
H�`;2bi B7 i?2 +2Mi`�H #�MF i�`;2ib i?Qb2 rBi? i?2 HQr2bi bi�`iBM; H2p2Hb Q7 i`mbiX
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j � JQ/2H Q7 aBKTH2 *QKKmMB+�iBQM �M/ h`mbi
h?2 T`2pBQmb b2+iBQM KB;?i K�F2 i?2 mb2 Q7 bBKTHB}2/ +QKKmMB+�iBQM #v +2Mi`�H #�MFb
b22K Q#pBQmbX "v +QKKmMB+�iBM; BM � r�v i?�i � #`Q�/2` +`Qbb b2+iBQM Q7 bQ+B2iv +�M
mM/2`bi�M/- i?2 +2Mi`�H KB;?i #2 �#H2 iQ #2ii2` �M+?Q` BM~�iBQM 2tT2+i�iBQMb �b r2HH �b-
TQi2MiB�HHv- #mBH/ i`mbiX

"mi bQK2 2+QMQKBbib ?�p2 2tT`2bb2/ +QM+2`M i?�i bBKTHB}2/ +QKKmMB+�iBQM KB;?i #2
iQQ bBKTH2X h?2 rQ``v Bb i?�i `�i?2` i?�M #QQbi i`mbi �M/ 2M;�;2K2Mi- ?Qmb2?QH/b rBHH 7�BH
iQ mM/2`bi�M/ i?2 +QKTH2t �M/ biQ+?�biB+ M�im`2 Q7 i?2 2MpB`QMK2Mi r?B+? TQHB+vK�F2`b
QT2`�i2 BMX Pp2` iBK2- +2Mi`�H #�MFb KB;?i bBKTHv /Bb�TTQBMi i?2b2 M2rHv@2M;�;2/ ?Qmb2@
?QH/b r?2M i?2v KBbb � i�`;2i Q` ?�p2 � H�`;2 7Q`2+�bi 2``Q`X h?2 2z2+i QM ?Qmb2?QH/
i`mbi �M/ 2M;�;2K2Mi K�v MQi #2 bQ /2bB`�#H2 Qp2` iBK2X

hQ 2tTHQ`2 i?Bb- r2 #mBH/ QM i?2 2KTB`B+�H 2pB/2M+2 Q7 i?2 H�bi b2+iBQM �M/ i`v iQ
/2p2HQT � 7`�K2rQ`F r?B+? BM+Q`TQ`�i2b � `QH2 7Q` 2M;�;2K2Mi �M/ i`mbiX "mi r2 �HbQ
r�Mi iQ i�F2 b2`BQmbHv i?2 +QM+2`Mb i?�i ?�p2 #22M `�Bb2/X h?2 7`�K2rQ`F- r?B+? �bbmK2b
i?�i bQK2 Q7 i?2 +QM+2`Mb rBHH TH�v Qmi- 2M�#H2b mb iQ �bF iQ r?�i 2ti2Mi- Q` mM/2` r?B+?
+B`+mKbi�M+2b- BMi`Q/m+BM; KQ`2 �++2bbB#H2 +QKKmMB+�iBQM +QmH/ ?2HT �//`2bb i?2 irBM
/2}+BibX

P7 +Qm`b2- i?2`2 �`2 `2�bQMb i?�i i?2 +QM+2`Mb K�v MQi #2 +Q``2+iX 6Q` BMbi�M+2- r2
rBHH �bbmK2 i?�i bBKTHB+Biv Q7 i?2 K2bb�;2 `2/m+2b Bib +QKKmMB+�i2/ mM+2`i�BMivX Ai Bb MQi
+H2�` r?2i?2` i?Bb Bb i`m2 Q` MQiX h?2 KQ/2H rBHH �HbQ QMHv �HHQr 2M;�;2K2Mi rBi? +2Mi`�H
#�MF +QKKmMB+�iBQM iQ BM+`2�b2 i`mbi r?2`2�b BM `2�HBiv i?2`2 K�v #2 K�Mv /Bz2`2Mi
r�vb Q7 #mBH/BM; i`mbiX �M/ ?Qmb2?QH/b K�v ;2i i?2B` BM7Q`K�iBQM QM i?2 +2Mi`�H #�MF
7`QK Qi?2` bQm`+2bX q2 `2im`M iQ bQK2 Q7 i?2b2 Bbbm2b BM b2+iBQM 9X

jXR Pm` JQ/2H 1MpB`QMK2Mi
h?2 #�bB+ KQ/2H 2MpB`QMK2Mi Bb i?2 bBKTH2- i?`22@2[m�iBQM L2r E2vM2bB�M KQ/2HX AM
Q`/2` iQ ?�p2 � `QH2 7Q` +QKKmMB+�iBQM rBi? i?2 Tm#HB+- r2 �Hi2` i?2 BM7Q`K�iBQM�H �b@
bmKTiBQMbX aT2+B}+�HHv- r2 �bbmK2 i?�i- �b BM i?2 i2ti#QQF KQ/2H- }`Kb Q#b2`p2 +m``2Mi
b?Q+F `2�HBb�iBQMb #mi- mMHBF2 i?2 i2ti#QQF KQ/2H- ?Qmb2?QH/b Q#b2`p2 b?Q+Fb QMHv �7i2`
� QM2@T2`BQ/ H�;X h?Bb +�M #2 i?Qm;?i Q7 �b i?2 }`Kb #2BM; ǵ+HQb2 iQ i?2 ;`QmM/Ƕ �M/ bQ
b22BM; b?Q+Fb iQ i2+?MQHQ;v �M/ +Qbib }`bi@?�M/- #mi ?Qmb2?QH/b ?�pBM; iQ ?2�` �#Qmi
i?2 b?Q+Fb �7i2` i?2v ?�p2 ?BiX >Qmb2?QH/b +�M- ?Qr2p2`- H2�`M �#Qmi +QMi2KTQ`�M2Qmb
b?Q+Fb 7`QK `2�/BM; +2Mi`�H #�MF +QKKmMB+�iBQMbX9 AM i?2 2[m�iBQMb #2HQr- EF

t x Bb i?2
9.Bz2`2Mi ?Qmb2?QH/b rBHH `2+2Bp2 B/BQbvM+`�iB+ bB;M�Hb BM Qm` KQ/2HX q?BH2 i?2 HBMF 7`QK ?2i2`Q;2@

M2Qmb BM7Q`K�iBQM iQ ?2i2`Q;2M2Qmb r2�Hi? Bb TQi2MiB�HHv BMi2`2biBM;- Bi Bb #2vQM/ i?2 b+QT2 Q7 i?Bb T�T2`X
q2 i?2`27Q`2 bBKTHB7v #v �bbmKBM; i?�i �HH ?Qmb2?QH/b #2HQM; iQ � H�`;2 7�KBHv- r?B+? `2/Bbi`B#mi2b
r2�Hi? �KQM; ?Qmb2?QH/b �i i?2 2M/ Q7 2�+? T2`BQ/X

Ry



2tT2+i�iBQM Q7 x ?2H/ #v � 7mHHv@BM7Q`K2/ �;2Mi Ur?Q Q#b2`p2b +m``2Mi b?Q+F `2�HBb�iBQMbV
BM T2`BQ/ t- �M/ EH

t x Bb i?2 2tT2+i�iBQM Q7 x ?2H/ #v ?Qmb2?QH/b BM T2`BQ/ tX
.2}M2 c∗t �b i?2 +QMbmKTiBQM i?�i rQmH/ #2 +?Qb2M #v � ?Qmb2?QH/ r?Q Q#b2`p2/

i?2 +m``2Mi `2�HBb�iBQMb Q7 �HH 2tQ;2MQmb b?Q+FbX h?2 1mH2` 2[m�iBQM Q7 � 7mHHv@BM7Q`K2/
?Qmb2?QH/ Bb,

c∗t = EF
t c

∗
t+1 −

1

σ
(it − EF

t πt+1) URV

lMBM7Q`K2/ ?Qmb2?QH/b K�tBKBb2 i?2B` 2tT2+i2/ miBHBiv #v b2iiBM; +QMbmKTiBQM �i i?2
H2p2H i?2v 2tT2+i � 7mHHv@BM7Q`K2/ ?Qmb2?QH/ rQmH/ +?QQb2- ct = EH

t c
∗
t X A7- �b BM i?2

bi�M/�`/ LE KQ/2H- ?Qmb2?QH/b /Q Q#b2`p2 i?2 +m``2Mi `2�HBb�iBQMb Q7 2tQ;2MQmb b?Q+Fb-
i?2M ct = c∗t �M/ i?Bb KQ/2H +QHH�Tb2b iQ i?2 i2ti#QQF i?`22@2[m�iBQM LE KQ/2H- #mi
rBi?Qmi `2�H@iBK2 Q#b2`p�iBQM Q7 b?Q+Fb i?Bb Bb MQ HQM;2` i?2 +�b2X

aQ i?�i Qm` KQ/2H Bb +QKT�`�#H2 iQ Km+? Q7 i?2 2tBbiBM; HBi2`�im`2- r2 r�Mi iQ 2Mbm`2
i?�i Qm` KQ/2H �/KBib i?2 b�K2 L2r E2vM2bB�M S?BHHBTb *m`p2 �b BM :�Hő UkyR8VX h?2
/2`Bp�iBQM Q7 i?Bb `2[mB`2b i?�i ?Qmb2?QH/b �`2 �Hr�vb QM i?2B` T`Q/m+i /2K�M/ �M/ H�#Qm`
bmTTHv +m`p2b- �M/ bQ r2 ?�p2 iQ �bbmK2 i?�i ?Qmb2?QH/b /B`2+iHv Q#b2`p2 `2H�iBp2 T`B+2b
�M/ i?2 `2�H r�;2 r?2M K�FBM; i?2B` +QMbmKTiBQM �M/ H�#Qm` /2+BbBQMbX h?Bb +QK2b �i
i?2 +Qbi Q7 �bbmKBM; i?�i �;2Mib +�MMQi #�+F Qmi i?2 b?Q+Fb 7`QK i?2b2 Q#b2`p�iBQMbX hQ
i?Bb 2M/- r2 bBKTHB7v #v �bbmKBM; i?�i ?Qmb2?QH/b Q#b2`p2 r�;2b �M/ `2H�iBp2 T`B+2b BM
i?2 +m``2Mi T2`BQ/ #mi i?2v QMHv Q#b2`p2 i?2 MQKBM�H BMi2`2bi `�i2 rBi? � H�;- �M/ i?2v
�`2 mM�#H2 iQ BM72` 7`QK r�;2b �M/ `2H�iBp2 T`B+2b r?�i i?2 b?Q+Fb �M/ BMi2`2bi `�i2 Kmbi
#2X h?Bb bBKTHB}+�iBQM F22Tb i?2 �M�HviB+ KQ/2H i`�+i�#H2 �b Bi �HHQrb mb iQ 7Q+mb QM BXBX/X
b?Q+FbX8

πt = EF
t πt+1 + κỹt + vt UkV

h?2 +2Mi`�H #�MF 7QHHQrb � h�vHQ` _mH2,

it = φππt UjV

hQ +QKTH2i2 i?2 KQ/2H i?2`2 Bb � K�`F2i +H2�`BM; +QM/BiBQM `2H�iBM; i?2 QmiTmi ;�T
iQ �;;`2;�i2 +QMbmKTiBQM ctX

ỹt = ct − ynt = EH
t c

∗
t −

1 + ϕ

σ + ϕ
at U9V

h?2`2 �`2 irQ 2tQ;2MQmb b?Q+Fb, � i2+?MQHQ;v b?Q+F at- �M/ � +Qbi@Tmb? b?Q+F vtX
8qBi? BXBX/X b?Q+Fb- i?2 MQKBM�H BMi2`2bi `�i2 Bb i?2 QMHv r�v b?Q+Fb +�M �z2+i +QMbmKTiBQM BM i?2

?Qmb2?QH/ 1mH2` 2[m�iBQMX A7 ?Qmb2?QH/b +QmH/ Q#b2`p2 i?2 BMi2`2bi `�i2- i?2v rQmH/ i?2`27Q`2 ?�p2 MQ
M22/ Q7 7m`i?2` BM7Q`K�iBQM �#Qmi i?2 b?Q+Fb �M/ +2Mi`�H #�MF +QKKmMB+�iBQM rQmH/ #2 B``2H2p�MiX

RR



"Qi? �`2 �bbmK2/ iQ #2 /`�rM 7`QK BXBX/X MQ`K�H /Bbi`B#miBQMb,

at ∼ N(0, σ2
a), vt ∼ N(0, σ2

v) U8V

jXk 1tT2+i�iBQMb- *2Mi`�H "�MF aB;M�Hb �M/ �ii2MiBQM
�b BM aBKb UkyyjV- �M/ i?2 `2bi Q7 i?2 _�iBQM�H AM�ii2MiBQM HBi2`�im`2- ?Qmb2?QH/b 7Q`K
i?2B` 2tT2+i�iBQMb �#Qmi i?2 +QMbmKTiBQM i?2v b?QmH/ #2 +?QQbBM; EH

t c
∗
t #v T�vBM; �i@

i2MiBQM iQ bB;M�Hb �#Qmi b?Q+FbX AM i?Bb T�T2`- r2 2t�KBM2 i?2 `QH2 Q7 +2Mi`�H #�MF +QK@
KmMB+�iBQM �b i?2 bQm`+2 Q7 i?2b2 bB;M�HbX 6`QK i?2 bB;M�Hb i?�i i?2v 2ti`�+i 7`QK i?2
+QKKmMB+�iBQM- i?2 ?Qmb2?QH/b rBHH 7Q`K 2tT2+i�iBQMb �#Qmi +m``2Mi b?Q+F `2�HBb�iBQMb-
r?B+? i?2v rBHH i?2M K�T iQ 2tT2+i2/ 7mHHv@BM7Q`K2/ +QMbmKTiBQM c∗t X

�b /2b+`B#2/ �#Qp2- >�H/�M2 2i �HX UkyRNV- mbBM; �M BM7Q`K�iBQM 2MpB`QMK2Mi i?�i
Bb bBKBH�` iQ i?2 ivTB+�H _A 2MpB`QMK2Mi- r2 b?Qr i?�i r?2M i?2 +2Mi`�H #�MF T`QpB/2b
BM/2T2M/2Mi bB;M�Hb �#Qmi i?2 irQ b?Q+Fb- r2H7�`2 HQbb2b 7`QK i?2 pQH�iBHBiv Q7 BM~�iBQM �M/
i?2 QmiTmi ;�T �`2 KBMBKBb2/ r?2M i?2 +2Mi`�H #�MF +QKKmMB+�i2b �b Km+? BM7Q`K�iBQM
�b TQbbB#H2 Ur?B+? K2�Mb i?�i i?2B` bB;M�Hb +QMi�BM �b HBiiH2 MQBb2 �b TQbbB#H2VX h?Bb
Bb #2+�mb2- #2BM; +QKKQM iQ �HH ?Qmb2?QH/b- �Mv MQBb2 BMi`Q/m+2/ #v i?2 +2Mi`�H #�MF
+QKKmMB+�iBQM +�mb2b ?Qmb2?QH/b iQ +Q@Q`/BM�i2 QM i?Bb +2Mi`�H #�MF MQBb2 H2�/BM; iQ
BM2{+B2Mi ~m+im�iBQMb BM +QMbmKTiBQMX q?2M ?Qmb2?QH/b +?QQb2 iQ T�v H2bb �ii2MiBQM iQ
bB;M�Hb- Bi BMi`Q/m+2b MQBb2 BMiQ 2tT2+i�iBQMb r?B+? Bb ?Qmb2?QH/@bT2+B}+ �M/ bQ- mMHBF2
i?2 +2Mi`�H #�MF MQBb2- Bi +�M+2Hb Qmi BM �;;`2;�i2X

AM i?Bb T�T2`- iQ �HHQr mb iQ +QMbB/2` i?2 2z2+ib Q7 i?2 irBM /2}+Bib Q7 i`mbi �M/
mM/2`bi�M/BM;- �b r2HH �b #2BM; KQ`2 2tTHB+Bi BM �M�HvbBM; i?2 2z2+ib Q7 BMi`Q/m+BM; �M
�Hi2`M�iBp2 K2/BmK Q7 +QKKmMB+�iBQM- r2 K�F2 i?`22 +?�M;2b iQ i?2 +QKKmMB+�iBQM �M/
BM7Q`K�iBQM b2imT,

RX >Qmb2?QH/b 7�+2 � ?Qmb2?QH/@bT2+B}+ }t2/ +Qbi Q7 T`Q+2bbBM; +2Mi`�H #�MF +QKKm@
MB+�iBQM UµhVX

kX h?2`2 Bb � K2/BmK@bT2+B}+ +Qbi Q7 `2�/BM; BM7Q`K�iBQM r?B+? `2~2+ib i?2 +QKTH2tBiv
Q7 i?2 K2/BmK UFmediumVX h?Bb �HHQrb mb iQ 2tTHQ`2 i?2 2z2+ib Q7 ?�pBM; � b2+QM/
7Q`K Q7 +2Mi`�H #�MF +QKKmMB+�iBQM i?�i Bb 2�bB2` iQ `2�/ UHQr2` T`Q+2bbBM; +QbiVX

jX q2 BMi`Q/m+2- BM � p2`v `2/m+2/@7Q`K K�MM2`- i?2 +QM+2Ti Q7 i`mbi- Tht- BMiQ i?2
KQ/2H �M/ HBMF i?Bb iQ i?2 +Qbi Q7 `2�/BM; i?2 +2Mi`�H #�MF K�i2`B�HX

h?2 Qp2`�HH ?Qmb2?QH/@ �M/ K2/BmK@bT2+B}+ +Qbi Q7 `2�/BM; � +QKKmMB+�iBQM +QK#BM2b
i?2 i?`22 �bT2+ib BMi`Q/m+2/,

CIR,h,t = FIR
µh

Tht
UeV

q2 rBHH MQr /Bb+mbb 2�+? 2H2K2Mi BM im`MX

Rk



jXkXR >Qmb2?QH/@bT2+B}+ T`Q+2bbBM; +Qbi

h?2 ?Qmb2?QH/ bT2+B}+ +Qbi Q7 T`Q+2bbBM; i?2 +2Mi`�H #�MF +QKKmMB+�iBQM- r?B+? +QmH/
#2 i?Qm;?i Q7 �b i?2B` �#BHBiv iQ T`Q+2bb BM7Q`K�iBQM- Q` i?2 T�`iB+mH�` BKTQ`i�M+2 Q7
BM7Q`K�iBQM iQ i?2K +QKT�`2/ rBi? Qi?2` ?Qmb2?QH/b- Bb KQ/2HH2/ �b 7QHHQrbX � 7`�+iBQM
λ Q7 ?Qmb2?QH/b �`2 2M/Qr2/ rBi? � +Qbi Q7 BM7Q`K�iBQM µh = 0- r?BH2 i?2 `2K�BMBM; 1−λ
?�p2 µh r?B+? Bb /`�rM U#27Q`2 T2`BQ/ yV 7`QK �M 2tTQM2MiB�H /Bbi`B#miBQM µh ∼ exp(ψ)Xe

h?Bb K2�Mb i?�i i?2 T`QTQ`iBQM Q7 ?Qmb2?QH/b rBi? x2`Q +Qbi Q7 T`Q+2bbBM; i?2 AM~�iBQM
_2TQ`i Bb i?2 λ �M/ �HbQ i?Qb2 /`�rM 7`QK i?2 2tTQM2MiB�H /Bbi`B#miBQM iQ ?�p2 x2`Q
+Qbi Uf(µh = 0) = ψVX h?mb i?2 TQTmH�iBQM T`Q#�#BHBiv i?�i i?2 ?Qmb2?QH/ ?�b MQ +Qbi-
p(µh = 0)- Bb ;Bp2M #v i?2 +QK#BM�iBQM Q7 i?2b2 irQ, p(µh = 0) = λ + (1 − λ)ψX h?2
µh = 0 /Bbi`B#miBQM- p(µh = 0)- Bb /2TB+i2/ BM };m`2 RX

µh

p(µh)

λ

(1− λ)ψe−ψµh

6B;m`2 R, .Bbi`B#miBQM Q7 >Qmb2?QH/ S`Q+2bbBM; *Qbib µh

LQi2b, � 7`�+iBQM λ Q7 ?Qmb2?QH/b �`2 2M/Qr2/ rBi? � +Qbi Q7 BM7Q`K�iBQM µh = 0X h?2
`2K�BMBM; 1− λ �`2 /`�rM 7`QK �M 2tTQM2MiB�H /Bbi`B#miBQM µh ∼ exp(ψ)X

jXkXk h`�/BiBQM�H �M/ bBKTHB}2/ +2Mi`�H #�MF +QKKmMB+�iBQM

q2 rBHH +QKT�`2 i?2 2z2+ib Q7 i?2 +2Mi`�H #�MF BMi`Q/m+BM; � b2+QM/ 7Q`K Q7 +QKKmMB@
+�iBQM i?�i Bb 2�bB2` iQ `2�/X q2 rBHH +�HH i?2b2 +QKKmMB+�iBQMb ǳAM~�iBQM _2TQ`iǴ �M/
ǳH�v2`2/ +QMi2MiǴ 7Q` +QMbBbi2M+v rBi? i?2 `2+2Mi BMMQp�iBQMb rBi? i?2 "�MF Q7 1M;H�M/
U/Bb+mbb2/ BM >�H/�M2 �M/ J+J�?QM UkyR3V �M/ #2HQrVX q2 rBHH �bbmK2 i?2 +2Mi`�H #�MF
�Hr�vb T`QpB/2b i?2 AM~�iBQM _2TQ`i �M/ i?2 /2+BbBQM Bb r?2i?2` iQ BMi`Q/m+2 i?2 b2+QM/
K2/BmK Q7 +QKKmMB+�iBQMX

"Qi? 7Q`Kb Q7 +QKKmMB+�iBQM �`2 +QbiHv iQ `2�/X h?2 H�v2`2/ +QMi2Mi Bb 2�bB2` iQ `2�/
#2+�mb2 Bi +QMi�BMb H2bb /2i�BH- r?B+? r2 KQ/2H #v b2iiBM; FL < FIRX AM HBM2 rBi? i?2
+QM+2`Mb /Bb+mbb2/ �#Qp2- r2 BKTQb2 i?�i i?2 H�v2`2/ +QMi2Mi /Q2b MQi iQ +QKKmMB+�i2

eh?2 T`Q#�#BHBiv /2MbBiv 7mM+iBQM UT/7V Q7 �M 2tTQM2MiB�H /Bbi`B#miBQM Bb /2}M2/ Qp2` MQM@M2;�iBp2
bmTTQ`i �b f(x;ψ) = ψe−ψxX

Rj



7mHHv i?2 +QKTH2t biQ+?�biB+ M�im`2 Q7 i?2 QmiHQQFX AM Qi?2` rQ`/b- i?2 2�bB2` iQ `2�/
+QMi2Mi +QKKmMB+�i2b i?2 K2�M Q7 i?2 b?Q+Fb �i HQr2` +Qbi iQ i?2 ?Qmb2?QH/ #mi �i i?2
+Qbi i?�i i?2 ?Qmb2?QH/ mM/2`2biBK�i2b i?2 mM+2`i�BMiv �`QmM/ i?Qb2 7Q`2+�bibX

aT2+B}+�HHv- i?2 H�v2`2/ +QMi2Mi ;Bp2b ?Qmb2?QH/b i?2 b�K2 2tT2+i�iBQMb Q7 �HH b?Q+Fb �b
i?2 7mHH AM~�iBQM _2TQ`id- #mi Bi /Q2b MQi b�v �Mvi?BM; �#Qmi i?2 mM+2`i�BMiv �`QmM/ i?Qb2
2tT2+i�iBQMbX >Qmb2?QH/b KBbBMi2`T`2i i?Bb iQ K2�M i?�i i?2`2 Bb MQ mM+2`i�BMivX3 h?Bb Bb
+H2�`Hv �M 2ti`2K2 �bbmKTiBQMX >Qmb2?QH/ miBHBiv Bb mM�z2+i2/ #v i?2 mM+2`i�BMiv BM i?2
AM~�iBQM _2TQ`i #2+�mb2 i?Bb Bb � HBM2�`Bb2/ KQ/2HX >Qr2p2`- i?2 T2`+2Bp2/ +2`i�BMiv rBHH
H2�/ ?Qmb2?QH/b iQ #2 bm`T`Bb2/ #v `2�HBb�iBQMb i?�i /Bz2` 7`QK i?2B` T2`+2TiBQMbX h?2b2
bm`T`Bb2b- /2b+`B#2/ 7Q`K�HHv #2HQr- `2/m+2 ?Qmb2?QH/bǶ i`mbi BM i?2 +2Mi`�H #�MFX

jXkXj h`mbi

q2 /2}M2 � p�`B�#H2 Tht ∈ [0, 1] iQ #2 i?2 /2;`22 Q7 i`mbi ?Qmb2?QH/ h ?�b BM i?2 +2Mi`�H
#�MFX q?2M � ?Qmb2?QH/ i`mbib i?2 +2Mi`�H #�MF KQ`2- i?2v rBHH #2 KQ`2 HBF2Hv iQ T�v
�ii2MiBQM iQ Bib +QKKmMB+�iBQMb r?B+? r2 KQ/2H #v BM+Hm/BM; i`mbi BM i?2 Qp2`�HH +Qbi
7Q` � ?Qmb2?QH/ r?2M T`Q+2bbBM; +2Mi`�H #�MF bB;M�HbX h`mbi 2pQHp2b /2T2M/BM; QM i?2
2tT2`B2M+2b Q7 i?2 ?Qmb2?QH/X q2 �bbmK2 i?�i i`mbi BM i?2 +2Mi`�H #�MF BM+`2�b2b r?2M
i?2 +2Mi`�H #�MF +QKKmMB+�i2b rBi? � ?Qmb2?QH/X A7- ?Qr2p2`- i?2 +QKKmMB+�iBQM H2�/b
i?2 ?Qmb2?QH/ iQ #2 bm`T`Bb2/ #v i?2 Qmi+QK2- i?2M i`mbi rBHH /2+HBM2X

�HH ?Qmb2?QH/b #2;BM rBi? Th = 0.5 �M/ i`mbi i?2M 2pQHp2b �++Q`/BM; iQ,

Tht =

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

0 B7 T̂ht ≤ 0

T̂ht B7 T̂ht ∈ (0, 1)

1 B7 T̂ht ≥ 1

UdV

q?2`2,

T̂ht = Tht−1 + δc12M;�;2 + δs1bm`T`Bb2S(at−1, vt−1, ϵ
a
t−1, ϵ

v
t−1), δc > 0, δs < 0 U3V

h?2 BM/B+�iQ` 12M;�;2 2[m�Hb R r?2M i?2 ?Qmb2?QH/ ?�b T`Q+2bb2/ bQK2 BM7Q`K�iBQM
d�b BM >�H/�M2 2i �HX UkyRNV- r2 �bbmK2 i?�i i?2 AM~�iBQM `2TQ`i +QMi�BMb bB;M�Hb �#Qmi 2�+? b?Q+F xt

;Bp2M #v sxt = xt + ϵxt - r?2`2 ϵxt Bb �M BXBX/X Tm#HB+ MQBb2 b?Q+FX >Qmb2?QH/b +?QQbBM; iQ `2�/ i?2 AM~�iBQM
_2TQ`i Q#b2`p2 i?2b2 bB;M�Hb �M/ mT/�i2 i?2B` 2tT2+i�iBQMb �#Qmi 2�+? 7mM/�K2Mi�H b?Q+F xt- �M/ 2�+?
MQBb2 b?Q+F ϵxt - �++Q`/BM;HvX .2i�BHb Q7 i?2 `2bmHiBM; 2tT2+i�iBQMb +�M #2 7QmM/ BM >�H/�M2 2i �HX UkyRNVX

3ai`B+iHv bT2�FBM;- r2 �`2 /2T�`iBM; 7`QK _�iBQM�H AM�ii2MiBQM BM i?2 bivH2 Q7 aBKb UkyyjV ?2`2X aBKbǶ
BM7Q`K�iBQM +Qbi Bb T`QTQ`iBQM�H iQ i?2 mM+2`i�BMiv `2/m+iBQM 7`QK T`Q+2bbBM; i?2 bB;M�H UK2�bm`2/ #v i?2
2tT2+i2/ 2Mi`QTv `2/m+iBQM #2ir22M T`BQ` �M/ TQbi2`BQ` #2HB27bVX Pm` bBKTH2 bB;M�H `2/m+2b mM+2`i�BMiv
iQ x2`Q- �M/ bQ rQmH/ +�``v �M BM}MBi2 +Qbi B7 r2 mb2/ i?Bb K2�bm`2- r?B+? rQmH/ MQi +�Tim`2 i?2 BMimBiBp2
MQiBQM i?�i � TQBMi 2tT2+i�iBQM Bb 2�bB2` iQ +QKKmMB+�i2 i?�M i?2 mM+2`i�BMiv �`QmM/ i?�i 2tT2+i�iBQMX
h?Bb Bb r?v r2 bT2+B7v i?2 +Qbi Q7 T`Q+2bbBM; bB;M�Hb BM i2`Kb Q7 i?2 `2/m+2/@7Q`K +QMbi�Mib FIR �M/ FLX

R9



7`QK i?2 +2Mi`�H #�MF BM T2`BQ/ tX δc K2�bm`2b i?2 `2bTQMbBp2M2bb Q7 i`mbi iQ 2M;�;2K2MiX
aQK2 ?Qmb2?QH/b rBHH- BM 2[mBHB#`BmK- +?QQb2 QTiBK�HHv iQ MQi `2�/ �Mv +QKKmMB+�iBQMX

AM T2`BQ/ t- i?2 ?Qmb2?QH/ Q#b2`p2b i?2 `2�HBb�iBQMb Q7 i?2 b?Q+Fb 7`QK T2`BQ/ t − 1X
h?2 BM/B+�iQ` 1bm`T`Bb2 2[m�Hb R BM T2`BQ/ t B7 i?2 `2�HBb2/ b?Q+Fb r2`2 QmibB/2 i?�i bmTTQ`i
Q7 i?2 ?Qmb2?QH/Ƕb 2tT2+i�iBQMbX AM bi�M/�`/ `�iBQM�H@BM�ii2MiBQM KQ/2Hb- +QKKmMB+�@
iBQM BM/m+2b #2HB27b rBi? �M BM}MBi2 bmTTQ`i bQ i?2b2 bm`T`Bb2b M2p2` ?�TT2MX h?Bb rBHH-
?Qr2p2`- Q++m` r?2M r2 KQp2 iQ i?2 bBKTH2`- ǵH�v2`2/ +QMi2MiǶ 7Q` i?2 `2�bQMb /2b+`B#2/
�#Qp2X h?2 7mM+iBQM S(·) K2�bm`2b ?Qr bm`T`Bb2/ i?2 ?Qmb2?QH/ Bb Ĝ ?Qr 7�` `2�HBb2/
b?Q+Fb /2pB�i2 7`QK i?2 2/;2 Q7 i?2B` #2HB27b Ĝ �M/ Bi Bb /2}M2/ 7Q`K�HHv #2HQrX δs K2�@
bm`2b i?2 `2bTQMbBp2M2bb Q7 i`mbi iQ bm`T`Bb2bX

jXj q2H7�`2 �M/ AM7Q`K�iBQM S`Q+2bbBM;
h?2 F2v iQ i?2 KQ/2H Bb i?2 7�+i i?�i BM7Q`K�iBQM Bb +QbiHv iQ T`Q+2bb #mi H2bb@BM7Q`K2/
?Qmb2?QH/b bmz2` � r2H7�`2 HQbb #v K�FBM; bm#@QTiBK�H /2+BbBQMbX AM i?Bb +�b2- i?2 ?Qmb2@
?QH/ rBHH /2+B/2 r?2i?2` Q` MQi iQ `2�/ +2Mi`�H #�MF +QKKmMB+�iBQM �M/- BM /QBM; bQ-
rBHH #2+QK2 bQK2r?�i BM7Q`K2/X >Qmb2?QH/b r?Q QTiBK�HHv +?QQb2 MQi iQ #2 BM7Q`K2/
rBHH ?�p2 MQ bB;M�HbX

q2 7QHHQr � ;m2bb@�M/@p2`B7v �TT`Q�+?,
RX q2 bi�`i rBi? � ;m2bb 7Q` ?Qr b?Q+Fb BM~m2M+2 BM~�iBQM �M/ i?2 +QMbmKTiBQM Q7

� 7mHHv BM7Q`K2/ ?Qmb2?QH/c r2 �bbmK2 i?�i 2�+? Bb � HBM2�` 7mM+iBQMb Q7 +m``2Mi
b?Q+Fb �M/ Tm#HB+ MQBb2 �M/ `272` iQ i?2b2 �b i?2 TQHB+v 7mM+iBQMbX

h?2 TQHB+v 7mM+iBQM 7Q` 7mHHv BM7Q`K2/ +QMbmKTiBQM Bb c∗t = β0at+β1vt+β2ϵat +β3ϵ
v
t X

kX :Bp2M i?2b2 `2H�iBQMb?BTb- r2 i?2M }M/ i?2 +QMbmKTiBQM Q7 BM�ii2MiBp2 ?Qmb2?QH/b
�M/ i?2 QmiTmi ;�T BKTHB2/ #v i?2b2 HBM2�` `mH2bX h?2b2 +?QB+2b Q7 i?2 BM�ii2MiBp2
?Qmb2?QH/b 722/ #�+F BMiQ i?2 KQ/2H 2[m�iBQMb �M/ /2i2`KBM2 i?2 +Q2{+B2Mib Q7 i?2
TQHB+v 7mM+iBQMbX

jX �HH Q7 i?2b2 TQHB+v 7mM+iBQM +Q2{+B2Mib �`2 /2T2M/2Mi QM i?2 �KQmMi Q7 �ii2MiBQM
?Qmb2?QH/b T�v iQ +2Mi`�H #�MF +QKKmMB+�iBQMX h?2 2tT2+i2/ miBHBiv HQbb 7`QK
#2BM; H2bb i?�M 7mHHv BM7Q`K2/ �#Qmi b?Q+Fb- iQ � [m�/`�iB+ �TT`QtBK�iBQM Q7 i?2
miBHBiv 7mM+iBQMN- Bb T`QTQ`iBQM�H iQ i?2 p�`B�M+2 Q7 (c∗t − ct) Ĝ i?2 ;�T #2ir22M
i?2 +QMbmKTiBQM Q7 � 7mHHv@BM7Q`K2/ ?Qmb2?QH/ �M/ �+im�H +QMbmKTiBQMX q2 i?2M
bQHp2 7Q` i?2 ?Qmb2?QH/Ƕb /2+BbBQM iQ T�v �ii2MiBQM r?B+? /2T2M/b QM Bib iBK2@ �M/
?Qmb2?QH/@bT2+B}+ T`Q+2bbBM; +QbiX

9X aBM+2 QMHv � 7`�+iBQM Q7 ?Qmb2?QH/b T`Q+2bb i?2 +2Mi`�H #�MF +QKKmMB+�iBQM BM
Nq2 T`Qp2 i?Bb }M/BM; BM �TT2M/Bt �X

R8



T2`BQ/ tX .2}M2 i?Bb 7`�+iBQM Λt r?B+? Bb ;Bp2M #v i?2 7QHHQrBM; 2tT`2bbBQM,

Λt = λ+ (1− λ)λt UNV

r?2`2 λt Bb i?2 7`�+iBQM Q7 ?Qmb2?QH/b rBi? TQbBiBp2 BM7Q`K�iBQM +Qbib r?Q T`Q+2bb
i?2 +QKKmMB+�iBQMX h?Bb p�`B�#H2 rBHH 722/ #�+F BMiQ i?2 #2?�pBQm` Q7 i?2 2+QMQKvX

8X PM+2 r2 ?�p2 i?2 QTiBK�H ?Qmb2?QH/ +?QB+2b �M/ i?2 BKTHB2/ #2?�pBQm` Q7 i?2
2+QMQKv- r2 +�M 2tTHQ`2 i?2 2z2+ib Q7 BMi`Q/m+BM; �M �Hi2`M�iBp2 7Q`K Q7 +QKKm@
MB+�iBQMX

h?Bb ;m2bb@�M/@p2`B7v �TT`Q�+? Bb M2+2bb�`v #2+�mb2 Q7 i?2 `QH2 Q7 ?B;?2`@Q`/2` #2HB27b
BM 2[mBHB#`BmKX 6Q` � ?Qmb2?QH/ iQ i`�MbH�i2 i?2B` 2tT2+i�iBQMb Q7 2�+? b?Q+F BMiQ �
+QMbmKTiBQM +?QB+2- i?2v Kmbi 7Q`K � #2HB27 �#Qmi ?Qr i?2 BMi2`2bi `�i2 `2bTQM/b iQ
b?Q+FbX hQ /Q i?Bb i?2v M22/ iQ 7Q`K #2HB27b �#Qmi ?Qr Qi?2` ?Qmb2?QH/b `2bTQM/ iQ
i?2 b?Q+Fb- �M/ bQ 2�+? ?Qmb2?QH/ Kmbi 7Q`K #2HB27b �#Qmi i?2 U�p2`�;2V b?Q+F 2tT2+i�@
iBQMb Q7 Qi?2` ?Qmb2?QH/b- �M/ �HbQ �#Qmi i?2 #2HB27b Q7 i?Qb2 Qi?2` ?Qmb2?QH/b �#Qmi �HH
Qi?2` ?Qmb2?QH/b- �M/ bQ QMX h?Bb Bb MQi �M Bbbm2 BM 7mHH BM7Q`K�iBQM KQ/2Hb- r?2`2 �HH
?Qmb2?QH/b ?�p2 i?2 b�K2 2tT2+i�iBQMb �M/ i?Qb2 2tT2+i�iBQMb �`2 +QKKQM FMQrH2/;2X
h?2 ;m2bb@�M/@p2`B7v �TT`Q�+? }M/b �M 2[mBHB#`BmK 7Q` i?2 ?B;?2`@Q`/2` #2HB27 T`Q#H2K-
�M/ Bb +QKKQM BM i?2 `�iBQM�H BM�ii2MiBQM HBi2`�im`2 Ub22 2X;X J�ÉFQrB�F �M/ qB2/2`?QHi
UkyyNVVX

jX9 hQ _2�/- P` LQi hQ _2�/ i?2 AM~�iBQM _2TQ`i\
q2 bi�`i #v +QMbB/2`BM; �M 2MpB`QMK2Mi BM r?B+? i?2`2 Bb QMHv i?2 AM~�iBQM _2TQ`i- �b
BM i?2 #�b2HBM2 KQ/2HX h?2 F2v `2bmHi 7`QK i?Bb b2+iBQM +�M #2 bmKK�`Bb2/ �b,

_2bmHi R
q?2M i?2`2 Bb QMHv i?2 AM~�iBQM _2TQ`i 7`QK i?2 +2Mi`�H #�MF- i?2 2[mBHB#`BmK rBHH #2 �
bi2�/v bi�i2 BM r?B+? �HH ?Qmb2?QH/b rBi? x2`Q B/BQbvM+`�iB+ T`Q+2bbBM; +Qbib Uµh = 0V- �M/
bQK2 ?Qmb2?QH/b rBi? TQbBiBp2 T`Q+2bbBM; +Qbib Uµh > 0V- rBHH `2�/ BiX

h`mbi Bb +QMbi�Mi BM i?2 bi2�/v bi�i2 rBi? �HH `2�/2`b Q7 i?2 +QKKmMB+�iBQM ?�pBM; 7mHH
i`mbiX h?Qb2 r?Q /QMǶi `2�/ �Mvi?BM; `2K�BM rBi? i`mbi �i Bib bi�`iBM; p�Hm2 #2+�mb2 i?2v
M2p2` 2M;�;2- #mi M2p2` 7Q`K T`2+Bb2 2tT2+i�iBQMb bQ �`2 �HbQ M2p2` bm`T`Bb2/X

h?2 /2+BbBQM Bb r?2i?2` � ?Qmb2?QH/ rBHH `2�/ i?2 AM~�iBQM _2TQ`i Q` MQi `2�/ �Mv@
i?BM;X >Qmb2?QH/b T`Q+2bbBM; i?2 AM~�iBQM _2TQ`i �`2 MQi 7mHHv BM7Q`K2/, i?2v Q#b2`p2
MQBbv bB;M�Hb st �M/ b2i cIR,t = EH

t (c
∗
t |st)X >Qmb2?QH/b MQi T`Q+2bbBM; �Mv +QKKmMB+�iBQM

;2i MQ BM7Q`K�iBQM �M/ bQ b2i cN,t = 0X
A7 KQ`2 ?Qmb2?QH/b T�v �ii2MiBQM UBX2X B7 Λt `Bb2bV- BM~�iBQM Bb H2bb pQH�iBH2 +QM/BiBQM�H

QM 7mM/�K2Mi�H b?Q+Fb at �M/ vt- #2+�mb2 �;;`2;�i2 +QMbmKTiBQM Bb KQ`2 `2bTQMbBp2 iQ

Re



i?2b2 b?Q+FbX *QMp2`b2Hv- �;;`2;�i2 +QMbmKTiBQM Bb �HbQ KQ`2 `2bTQMbBp2 iQ MQBb2 BM
i?2 AM~�iBQM _2TQ`i r?2M Λt `Bb2b- r?B+? BM+`2�b2b i?2 pQH�iBHBiv Q7 BM~�iBQMX h?2 Qp2`�HH
2z2+i Q7 �M BM+`2�b2 BM i?2 T`QTQ`iBQM Q7 ?Qmb2?QH/b r?Q �`2 �ii2MiBp2 Bb i?�i i?2 p�`B�M+2
Q7 BM~�iBQM 7�HHb- r?B+? K2�Mb i?�i i?2 +QMbmKTiBQM Q7 � 7mHHv@BM7Q`K2/ ?Qmb2?QH/ Bb H2bb
pQH�iBH2 @ r?B+? `2/m+2b i?2 BM+2MiBp2 7Q` Qi?2` ?Qmb2?QH/b iQ T�v �ii2MiBQMXRy

�b MQi2/ �#Qp2- i?2 miBHBiv HQbb 7`QK H�+F Q7 BM7Q`K�iBQM Bb � +QMbi�Mi KmHiBTH2 Q7
i?2 p�`B�M+2 Q7 i?2 ;�T #2ir22M �+im�H +QMbmKTiBQM �M/ i?2 QTiBK�H +QMbmKTiBQM Q7 �
7mHHv@BM7Q`K2/ ?Qmb2?QH/XRR h?2 miBHBiv HQbb 7`QK +?QQbBM; MQ BM7Q`K�iBQM- `�i?2` i?�M
`2�/BM; i?2 AM~�iBQM _2TQ`i- Bb i?2`27Q`2 � +QMbi�Mi KmHiBTHB2/ #v i?2 /Bz2`2M+2 #2ir22M
i?2b2 irQ p�`B�M+2bX h?Bb bBKTHB}2b iQ,

o�`(c∗t−cN,t)−o�`(c∗t−cIR,t) =

(
κφπ(1 + ϕ)

(σ + κφπΛt)(σ + ϕ)

)2

τaσ
2
a+

(
φπ

σ + κφπΛt

)2

τvσ
2
v URyV

r?2`2 τa �M/ τv �`2 i?2 bB;M�H iQ MQBb2 `�iBQb Q7 i?2 AM~�iBQM _2TQ`i bB;M�Hb �#Qmi i?2
i2+?MQHQ;v b?Q+F �M/ i?2 +Qbi@Tmb? b?Q+F `2bT2+iBp2HvX

q2 MQ`K�HBb2 i?2 +QMbi�Mi BM 7`QMi Q7 i?Bb p�`B�M+2 BM i?2 miBHBiv HQbb iQ R rBi?Qmi HQbb
Q7 ;2M2`�HBiv- �b Bi Dmbi `2[mB`2b � `2b+�HBM; Q7 i?2 +QKTH2tBiv Q7 BM7Q`K�iBQM T�`�K2i2`
FIRX >Qmb2?QH/b i?2`27Q`2 +?QQb2 iQ T�v �ii2MiBQM iQ i?2 AM~�iBQM _2TQ`i B7,

(
κφπ(1 + ϕ)

(σ + κφπΛt)(σ + ϕ)

)2

τaσ
2
a +

(
φπ

σ + κφπΛt

)2

τvσ
2
v > FIR

µh

Tht
URRV

AM i?2 BMBiB�H T2`BQ/ r?2M �HH ?Qmb2?QH/b ?�p2 i`mbi 2[m�H iQ yX8- �HH λ ?Qmb2?QH/b rBi?
µh = 0 T�v �ii2MiBQM iQ i?2 AM~�iBQM _2TQ`iX AM �//BiBQM- � 7`�+iBQM λ0 Q7 ?Qmb2?QH/b
rBi? µh > 0 T�v �ii2MiBQM- i?�i Bb �HH ?Qmb2?QH/b rBi? � µh < µ∗(λ0)- r?2`2,

(
κφπ(1 + ϕ)

(σ + κφπ(λ+ (1− λ)λ0))(σ + ϕ)

)2

τaσ
2
a

+

(
φπ

σ + κφπ(λ+ (1− λ)λ0)

)2

τvσ
2
v = FIR

µ∗(λ0)

0.5 + δc
URkV

Ryh?Bb Bb r?v r2 KQ/2H � +QMiBMmmK Q7 ?Qmb2?QH/ BM7Q`K�iBQM +Qbib, rBi? irQ ivT2b Q7 ?Qmb2?QH/b
UHQr µ �M/ ?B;? µV i?2`2 rBHH MQi M2+2bb�`BHv #2 �M 2[mBHB#`BmK r?2`2 ?Qmb2?QH/b TH�v Tm`2 bi`�i2;B2b Q7
2Bi?2` T�vBM; �ii2MiBQM Q` MQiX

RRAM Q`/2` 7Q` i?Bb iQ #2 i?2 `2H2p�Mi HQbb 7mM+iBQM ?2`2 r2 �bbmK2 i?�i ?Qmb2?QH/b /Q MQi i�F2 BMiQ
�++QmMi ?Qr i?2 T�`�K2i2`b BM i?2 QTiBK�H /2+BbBQM `mH2 rBHH +?�M;2 Qp2` iBK2X h?�i Bb- i?2v �bbmK2
i?�i i?2 +m``2Mi b?�`2 Q7 ?Qmb2?QH/b T`Q+2bbBM; BM7Q`K�iBQM Λt rBHH T2`bBbi 7Q`2p2`- i?Qm;? BM 7�+i rBi?
H�v2`2/ +QMi2Mi Bi rQMǶiX

Rd



h?2 2tTQM2MiB�H /Bbi`B#miBQM Q7 µh K2�Mb i?�i λ0 Bb ;Bp2M #v,Rk

− FIR ln(1− λ0)(σ + κφπ(λ+ (1− λ)λ0))2

(0.5 + δc)ψφ2
π

=

(
κ(1 + ϕ)

σ + ϕ

)2

τaσ
2
a + τvσ

2
v URjV

6`QK i?Bb- dλ0
dFIR

< 0X h?�i Bb- i?2 KQ`2 /B{+mHi i?2 AM~�iBQM _2TQ`i Bb iQ T`Q+2bb- i?2
72r2` ?Qmb2?QH/b T`Q+2bb BiX

�7i2` i?2 BMBiB�H T2`BQ/- �HH ?Qmb2?QH/b rBi? µh > µ∗(λ0) T�v �ii2MiBQM iQ i?2 AM~�iBQM
_2TQ`i �M/ b22 i?2B` i`mbi `Bb2 mMiBH Bi `2�+?2b i?2 K�tBKmK i`mbi Q7 RX h?2 bi2�/v bi�i2
rBi? i?2 AM~�iBQM _2TQ`i �b i?2 QMHv TQbbB#H2 +QKKmMB+�iBQM 7`QK i?2 +2Mi`�H #�MF
i?2`27Q`2 ?�b � b?�`2 Λ0 = λ+ (1− λ)λ0 Q7 ?Qmb2?QH/b T`Q+2bbBM; �Mv BM7Q`K�iBQM �#Qmi
b?Q+Fb- �M/ �M �p2`�;2 i`mbi Q7,

T̄0 = Λ0 +
1− Λ0

2
=

1 + Λ0

2
UR9V

jX8 AMi`Q/m+BM; aBKTHB}2/ *QKKmMB+�iBQM
LQr- BMbi2�/- BK�;BM2 i?�i BM T2`BQ/ R- i?2 +2Mi`�H #�MF BMi`Q/m+2b i?2 M2r 7Q`K Q7 2�bB2`
iQ T`Q+2bb +QKKmMB+�iBQMX h?2 F2v `2bmHi 7`QK i?Bb b2+iBQM +�M #2 bmKK�`Bb2/ �b,

_2bmHi k
aBKTHB}2/ *QKKmMB+�iBQM BMBiB�HHv BM+`2�b2b i`mbi �b KQ`2 ?Qmb2?QH/b 2M;�;2 rBi? i?2
+2Mi`�H #�MFX
"mi r?2M � H�`;2 b?Q+F �``Bp2b ?Qmb2?QH/b �`2 bm`T`Bb2/- HQb2 i`mbi- �M/ biQT 2M;�;BM;X
LQi `2�/BM; i?2 bBKTHB}2/ +QKKmMB+�iBQM Bb �M �#bQ`#BM; bi�i2- �b i?2`2 Bb MQ r�v 7Q`
i`mbi iQ BM+`2�b2 QM+2 � ?Qmb2?QH/ ?�b biQTT2/ `2�/BM; i?2 +QKKmMB+�iBQMX
A7 i`mbi bi�`ib Qmi HQr2` #27Q`2 i?2 BMi`Q/m+iBQM Q7 bBKTHB}2/ +QKKmMB+�iBQM- i?2 BMBiB�H
;�BM BM i`mbi Bb H�`;2`- #mi i?2 /2+�v BM 2M;�;2K2Mi Q++m`b KQ`2 [mB+FHvX

AM i2`Kb Q7 i?2 /2+BbBQM r?2M i?2`2 Bb � +?QB+2 Q7 K2/B�- r2 +�M /BbiB;mBb? i?2 `2�+iBQM
Q7 /Bz2`2Mi ivT2b Q7 ?Qmb2?QH/c i?Qb2 r?Q r2`2 `2�/BM; i?2 AM~�iBQM _2TQ`i �M/ bi�v
`2�/BM; Bic i?Qb2 r?Q brBi+? iQ `2�/BM; i?2 H�v2`2/ +QMi2Mic i?Qb2 r?Q /B/MǶi `2�/ i?2
BM~�iBQM `2TQ`i #mi bi�`i `2�/BM; H�v2`2/ +QMi2Mic �M/ i?Qb2 r?Q M2p2` 2M;�;2 rBi? 2Bi?2`
K2/BmKX

aBM+2 ?Qmb2?QH/ miBHBiv Bb mM�z2+i2/ #v i?2 mM+2`i�BMiv BM i?2 AM~�iBQM _2TQ`i- ?Qmb2@
?QH/b rBi? µh = 0 �`2 BM/Bz2`2Mi #2ir22M i?2 AM~�iBQM _2TQ`i �M/ i?2 bBKTHB}2/ +QK@

Rkh?2 [m�MiBH2 7mM+iBQM Q7 i?2 2tTQM2MiB�H /Bbi`B#miBQM Bb- +QMp2MB2MiHv- ;Bp2M #v,

µ∗(λ) = − ln(1− λ)

ψ

R3



KmMB+�iBQMX q2 �bbmK2 i?�i �HH ?Qmb2?QH/b rBi? µh = 0 +QMiBMm2 iQ `2�/ i?2 AM~�iBQM
_2TQ`iXRj

>Qmb2?QH/b rBi? µh > 0- ?Qr2p2`- bi`B+iHv T`272` i?2 bBKTHB}2/ +QKKmMB+�iBQM, Bi
;Bp2b i?2 b�K2 2tT2+i2/ miBHBiv HQbb �M/ Bb +?2�T2` iQ T`Q+2bbX �HH ?Qmb2?QH/b rBi?
µh ∈ (0, µ∗(λ0)] i?2`27Q`2 brBi+? 7`QK T`Q+2bbBM; i?2 AM~�iBQM _2TQ`i iQ T�vBM; �ii2MiBQM
iQ i?2 bBKTHB}2/ +QKKmMB+�iBQMX

AM �//BiBQM- K�Mv ?Qmb2?QH/b r?Q r2`2 T`2pBQmbHv T`Q+2bbBM; MQ BM7Q`K�iBQM 7`QK
i?2 +2Mi`�H #�MF rBHH MQr `2�/ i?2 bBKTHB}2/ +QKKmMB+�iBQMX h?Bb Bb i`m2 7Q` ?Qmb2?QH/b
rBi? µh ∈ (µ∗(λ0), µ∗(λ1)]- r?2`2,

− FL ln(1− λ1)(σ + κφπ(λ+ (1− λ)λ1))2

(0.5 + δc)ψφ2
π

=

(
κ(1 + ϕ)

σ + ϕ

)2

τaσ
2
a + τvσ

2
v UR8V

LQi2 i?�i FL < FIR BKTHB2b i?�i λ1 > λ0- bQ r2 +�M #2 bm`2 i?�i bQK2 ?Qmb2?QH/b
brBi+? 7`QK T`Q+2bbBM; MQ BM7Q`K�iBQM iQ T�vBM; �ii2MiBQM iQ bBKTHB}2/ +QKKmMB+�iBQMX

h?2b2 7Q`+2b ?�p2 QTTQbBM; 2z2+ib QM i`mbiX S`Q+2bbBM; i?2 bBKTHB}2/ +QKKmMB+�iBQM
BM+`2�b2b i?2 i`mbi Q7 i?2b2 ?Qmb2?QH/b BM i?2 +2Mi`�H #�MFX AM T2`BQ/b �7i2` brBi+?BM;-
?Qr2p2`- i?2 ?Qmb2?QH/b r?Q `2�/ i?2 bBKTHB}2/ +QKKmMB+�iBQM �`2 bm#D2+i iQ #2BM;
bm`T`Bb2/- r?B+? `2/m+2b i`mbiXR9

h?2 /2;`22 iQ r?B+? i?2B` i`mbi 7�HHb Bb /2i2`KBM2/ #v δs �b r2HH �b ?Qr 7�` i?2 b?Q+Fb
�`2 7`QK i?2 2tT2+i�iBQMb ;Bp2M #v i?2 bBKTHB}2/ +QKKmMB+�iBQM r?B+? Bb /2i2`KBM2/ #v
i?2 S(·) 7mM+iBQM,

S(at, vt, ϵ
a
t , ϵ

v
t ) = (at − EL

t at)
2 + (vt − EL

t vt)
2 + (ϵat − EL

t ϵ
a
t )

2 + (ϵvt − EL
t ϵ

v
t )

2 UReV

>2`2 EL
t Bb i?2 2tT2+i�iBQM BM/m+2/ #v i?2 bBKTHB}2/ +QKKmMB+�iBQMX "v �bbmKTiBQM-

i?2 bBKTHB}2/ +QKKmMB+�iBQM BKTHB2b i?2 b�K2 2tT2+i�iBQMb Q7 2�+? b?Q+F �b i?2 AM~�iBQM
_2TQ`i- bQ EL

t at = τa(at + ϵat )- EL
t vt = τv(vt + ϵvt )- EL

t ϵ
a
t = (1 − τa)(at + ϵat )- EL

t ϵ
v
t =

(1− τv)(vt + ϵvt )X am#biBimiBM; i?Bb BM iQ i?2 /2}MBiBQM Q7 S r2 ?�p2,

S(at, vt, ϵ
a
t , ϵ

v
t ) = 2(at(1− τa)− τaϵ

a
t )

2 + 2(vt(1− τv)− τvϵ
v
t )

2 URdV

LQi2 i?�i i?2 2ti2Mi Q7 bm`T`Bb2 2tT2+i2/ #v i?2 TQHB+vK�F2` #27Q`2 b?Q+Fb �`2 `2�HBb2/
Rjh?Bb Bb M2+2bb�`v #2+�mb2 �HH ?Qmb2?QH/b r?Q brBi+? iQ bBKTHB}2/ +QKKmMB+�iBQM rBHH 2p2Mim�HHv HQb2

i`mbi �M/ brBi+? iQ MQi T`Q+2bbBM; �Mv BM7Q`K�iBQMX A7 �HH ?Qmb2?QH/b /B/ i?Bb- �;;`2;�i2 +QMbmKTiBQM
rQmH/ #2 +QKTH2i2Hv mM`2bTQMbBp2 iQ i?2 BMi2`2bi `�i2 �M/ i?2 KQ/2H bQHmiBQM rQmH/ #2 BM/2i2`KBM�i2X

R9h?2v Q#b2`p2 i?2 i`m2 `2�HBb�iBQMb Q7 i?2 T`2pBQmb T2`BQ/ 7mM/�K2Mi�H b?Q+Fb at−1 �M/ vt−1- �M/
i?2 MQBb2 b?Q+Fb ϵat−1 �M/ ϵvt−1X h?2 p�Hm2b +QKKmMB+�i2/ BM i?2 bBKTHB}2/ +QKKmMB+�iBQM r2`2 +QK#B@
M�iBQMb Q7 7mM/�K2Mi�H �M/ MQBb2 b?Q+Fb- bQ i?2 T`Q#�#BHBiv i?�i i?2b2 b?Q+Fb 2t�+iHv 2[m�H i?2 p�Hm2b
+QKKmMB+�i2/ BM i?2 bBKTHB}2/ +QKKmMB+�iBQM Bb x2`QX h?2 b?Q+F `2�HBb�iBQMb �`2 i?2`27Q`2 QmibB/2 Q7
i?2 `�M;2 ?Qmb2?QH/b `2�/BM; i?2 bBKTHB}2/ +QKKmMB+�iBQM i?Qm;?i r�b TQbbB#H2- �M/ bQ i?2v HQb2 i`mbiX

RN



Bb i?2`27Q`2,
Et−1S(at, vt, ϵ

a
t , ϵ

v
t ) = 2(1− τa)σ

2
a + 2(1− τv)σ

2
v UR3V

h?2`2 Bb �HbQ � /vM�KB+ 2z2+i 7`QK i?2 2pQHmiBQM Q7 i`mbiX A7 i?2`2 �`2 � 72r T2`B@
Q/b rBi? bK�HH b?Q+Fb- i?2M i?2 bm`T`Bb2b St rBHH #2 HQr �M/ i`mbi rBHH `Bb2X 1p2Mim�HHv-
?Qr2p2`- i?2`2 rBHH #2 H�`;2 2MQm;? b?Q+Fb i?�i i`mbi 7�HHb- �M/ r?2M i?Bb ?�TT2Mb ?Qmb2@
?QH/b biQT `2�/BM; i?2 bBKTHB}2/ +QKKmMB+�iBQM #2+�mb2 i?2 +Qbi Q7 T`Q+2bbBM; Bi `Bb2b
rBi? 7�HHBM; i`mbiX AM i?2 KQ/2H- MQi `2�/BM; i?2 bBKTHB}2/ +QKKmMB+�iBQM Bb �M �#bQ`#BM;
bi�i2- �b i?2`2 Bb MQ r�v 7Q` i`mbi iQ BM+`2�b2 QM+2 � ?Qmb2?QH/ ?�b biQTT2/ `2�/BM; i?2
+QKKmMB+�iBQMX h?Bb Bb �M 2ti`2K2 �bbmKTiBQMX h?Bb K2�Mb i?�i- 2p2Mim�HHv- i?2`2 rBHH
#2 � b2`B2b Q7 bm{+B2MiHv H�`;2 b?Q+Fb i?�i i?2 b?�`2 Q7 ?Qmb2?QH/b T`Q+2bbBM; bBKTHB}2/
+QKKmMB+�iBQM ?Bib x2`QXR8 �i i?�i TQBMi- QMHv i?2 λ ?Qmb2?QH/b rBi? MQ BM7Q`K�iBQM
+Qbi `2K�BM T`Q+2bbBM; �Mv BM7Q`K�iBQMX q2 i?2`27Q`2 2p2Mim�HHv `2�+? � M2r bi2�/v
bi�i2 rBi? Λt = λX h?Bb Bb HQr2` i?�M i?2 b?�`2 Q7 ?Qmb2?QH/b T`Q+2bbBM; BM7Q`K�iBQM BM
T2`BQ/ y- #27Q`2 i?2 BMi`Q/m+iBQM Q7 i?2 bBKTHB}2/ +QKKmMB+�iBQMX

h?2 2tT2+i2/ iBK2 T�i? 7Q` λt- i?2 b?�`2 Q7 ?Qmb2?QH/b rBi? TQbBiBp2 BM7Q`K�iBQM +Qbib
µh r?Q T`Q+2bb �Mv BM7Q`K�iBQM �i �HH- Bb THQii2/ BM };m`2 k� 7Q` � [m�`i2`Hv +�HB#`�iBQM
U/Bb+mbb2/ BM �TT2M/Bt "VX AM i?Bb +�HB#`�iBQM- #27Q`2 i?2 BMi`Q/m+iBQM Q7 bBKTHB}2/ +QK@
KmMB+�iBQM � 7`�+iBQM λ0 = 0.1 Q7 ?Qmb2?QH/b rBi? TQbBiBp2 BM7Q`K�iBQM +Qbib `2�/ i?2
AM~�iBQM _2TQ`iX AM T2`BQ/ R- �HH Q7 i?2b2 brBi+? iQ `2�/BM; i?2 bBKTHB}2/ +QKKmMB+�@
iBQM- �M/ � 7m`i?2` kyW Q7 i?2 ?Qmb2?QH/b rBi? µh > 0 brBi+? 7`QK MQi T`Q+2bbBM; �Mv
BM7Q`K�iBQM iQ `2�/BM; i?2 bBKTHB}2/ +QKKmMB+�iBQMX h?2 M2r +QKKmMB+�iBQM i?2`27Q`2
BMBiB�HHv ?�b i?2 2z2+i i?�i KQ`2 ?Qmb2?QH/b T�v �ii2MiBQM iQ i?2 +QKKmMB+�iBQMX Pp2`
iBK2- ?Qr2p2`- i?2 i`mbi Q7 ?Qmb2?QH/b T`Q+2bbBM; i?2 bBKTHB}2/ +QKKmMB+�iBQM Bb 2`Q/2/-
�M/ bQ ?Qmb2?QH/b bi�`i iQ brBi+? iQ MQ BM7Q`K�iBQM T`Q+2bbBM;X

h?2 �p2`�;2 i`mbi ?Qmb2?QH/b ?�p2 BM i?2 +2Mi`�H #�MF Bb 2tT2+i2/ iQ 2pQHp2 �++Q`/BM;
iQ i?2 T�i? THQii2/ BM };m`2 k#X AMBiB�HHv- i`mbi `Bb2b r?2M i?2 bBKTHB}2/ +QKKmMB+�iBQM
Bb BMi`Q/m+2/- #2+�mb2 K�Mv ?Qmb2?QH/b r?Q r2`2 MQi T�vBM; �Mv �ii2MiBQM iQ +2Mi`�H
#�MF +QKKmMB+�iBQM MQr `2�/ i?2 bBKTHB}2/ +QKKmMB+�iBQM- �M/ i?�i +QMi�+i rBi? i?2
+2Mi`�H #�MF BM+`2�b2b i?2B` i`mbiX >Qr2p2`- Qp2` iBK2 i?Bb #QQbi Bb Qmir2B;?2/ #v i?2
HQbb2b BM i`mbi r?2M ?Qmb2?QH/b b22 T�bi `2�HBb�iBQMb Q7 b?Q+Fb �M/ `2�HBb2 i?�i i?2v r2`2
QmibB/2 Q7 i?2 bmTTQ`i Q7 i?2B` #2HB27b- r?B+? i?2v r2`2 ;Bp2M #v i?2 +2Mi`�H #�MF i?`Qm;?
i?2 bBKTHB}2/ +QKKmMB+�iBQMX h`mbi i?2M 7�HHbX h?2 `�i2 �i r?B+? Bi 7�HHb Bb /2+`2�bBM;
Qp2` iBK2 Ui?2 iBK2 T�i? Bb +QMp2tV #2+�mb2 � ?Qmb2?QH/Ƕb i`mbi QMHv +QMiBMm2b iQ 7�HH
7Q` �b HQM; �b i?2v T�v �ii2MiBQM iQ i?2 bBKTHB}2/ +QKKmMB+�iBQMX �b iBK2 T�bb2b- 72r2`

R8AMi2`2biBM;Hv- i?2 7�+i i?�i MQi `2�/BM; �Mv BM7Q`K�iBQM Bb �M �#bQ`#BM; bi�i2 K2�Mb i?�i 2p2M B7
δc + δsES ≥ 0- BX2X B7 i`mbi rQmH/ `Bb2 Qp2` iBK2 B7 bm`T`Bb2b r2`2 Q7 i?2B` 2tT2+i2/ K�;MBim/2- i?2 KQ/2H
2p2Mim�HHv 2M/b mT �i i?2 HQr@i`mbi bi2�/v bi�i2X

ky



�M/ 72r2` ?Qmb2?QH/b �`2 biBHH T�vBM; �ii2MiBQM iQ i?�i +QKKmMB+�iBQM- �M/ bQ i?2 `�i2 Q7
/2+`2�b2 Q7 �p2`�;2 i`mbi bHQrb /QrMX 1p2Mim�HHv- MQ ?Qmb2?QH/b �`2 H27i T�vBM; �ii2MiBQM
iQ i?2 bBKTHB}2/ +QKKmMB+�iBQM �M/ �p2`�;2 i`mbi `2�+?2b � M2r HQr2` bi2�/v bi�i2X

qBi? i?Bb +�HB#`�iBQM- �p2`�;2 i`mbi Bb �#Qp2 Bib BMBiB�H UT`2@bBKTHB}2/ +QKKmMB+�iBQMV
H2p2H 7Q` RR [m�`i2`b QM �p2`�;2- �M/ i?2 b?�`2 Q7 ?Qmb2?QH/b 2M;�;BM; rBi? bBKTHB}2/
+QKKmMB+�iBQM `2K�BMb �#Qp2 Bib BMBiB�H H2p2H 7Q` 8y [m�`i2`bX h?Bb +QMiBMm2b iQ #2 ?B;?2`
i?�M i?2 BMBiB�H H2p2H HQM; �7i2` i`mbi Bb #2HQr Bib BMBiB�H p�Hm2 #2+�mb2 i?2 bBKTHB}2/ +QK@
KmMB+�iBQM ?�b � HQr2` T`Q+2bbBM; +Qbi i?�M i?2 AM~�iBQM _2TQ`iX h`mbi �M/ 2M;�;2K2Mi
`2�+? i?2B` M2r HQr2` bi2�/v bi�i2 �7i2` �TT`QtBK�i2Hv k8y [m�`i2`bX
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6B;m`2 k, hBK2 T�i? Q7 λt- T̄t- o�`π �M/ o�`ỹt �7i2` i?2 BMi`Q/m+iBQM Q7 bBKTHB}2/ +QKKmMB@
+�iBQM

LQi2b, h?2 #Hm2 HBM2 Bb i?2 2tT2+i2/ T�i? Q7 2Bi?2` b?�`2 Q7 T`Q+2bbBM; ?Qmb2?QH/b Q` �p2`�;2
i`mbiX h?2 #H�+F /Qii2/ HBM2 Bb i?2 bi2�/v bi�i2 r?2`2 MQ bBKTHB}2/ +QKKmMB+�iBQM ?�b
2p2` 2tBbi2/X

h?2 +`BiB+�H i`mbi H2p2H �i r?B+? � ?Qmb2?QH/ rBi? BM7Q`K�iBQM +Qbi µh biQTb T`Q+2bbBM;
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i?2 bBKTHB}2/ +QKKmMB+�iBQM Bb ;Bp2M #v,

T ∗
h =

FLµh(σ + κφπ(λ+ (1− λ)(1− e−ψµh)))2

φ2
π

((
κ(1 + ϕ)

σ + ϕ

)2

τaσ2
a + τvσ2

v

) URNV

h?Bb +`BiB+�H i`mbi Bb BM+`2�bBM; BM µh- bQ ?Qmb2?QH/b r?Q 7�+2 ?B;?2` BM7Q`K�iBQM +Qbib
biQT T`Q+2bbBM; bBKTHB}2/ +QKKmMB+�iBQM 2�`HB2`- r?2M i?2B` i`mbi ?�b 7�HH2M QMHv � bK�HH
�KQmMiX PM+2 � ?Qmb2?QH/ ?�b biQTT2/ T`Q+2bbBM; i?2 bBKTHB}2/ +QKKmMB+�iBQM- i?2B`
i`mbi 7`QK i?2 M2ti T2`BQ/ QMr�`/b Bb T ∗

h +δsS(at∗ , vt∗ , ϵat∗ , ϵ
v
t∗)- r?2`2 t∗ Bb i?2 H�bi T2`BQ/

BM r?B+? i?2v T`Q+2bb2/ i?2 bBKTHB}2/ +QKKmMB+�iBQMXRe h?Bb KQ/2H ?�b i?2 BKTHB+�iBQM-
+QMbBbi2Mi rBi? i?2 lE /�i�- i?�i i?2 ?Qmb2?QH/b rBi? i?2 ?B;?2bi i`mbi �`2 �HbQ i?Qb2
rBi? KQbi 2M;�;2K2Mi �M/ mM/2`bi�M/BM;c i?2 λ ?Qmb2?QH/bX

h?2 2z2+i Q7 i?Bb QM r2H7�`2 Bb +H2�`X q?2M i?2 7`�+iBQM Q7 ?Qmb2?QH/b T`Q+2bbBM; BM7Q`@
K�iBQM �#Qmi b?Q+Fb BM+`2�b2b- i?2 mM+QM/BiBQM�H p�`B�M+2 Q7 BM~�iBQM �M/ i?2 QmiTmi ;�T
/2+`2�b2- #QQbiBM; r2H7�`2X h?Bb Bb #2+�mb2 �ii2MiBp2 ?Qmb2?QH/b `2bTQM/ �TT`QT`B�i2Hv
iQ +?�M;2b BM i?2 BMi2`2bi `�i2- r?2`2 BM�ii2MiBp2 ?Qmb2?QH/b /Q MQiX � ;`2�i2` b?�`2 Q7
`2bTQMbBp2 ?Qmb2?QH/b i?2`27Q`2 ?�b i?2 b�K2 2z2+i BM i?2 KQ/2H �b BM+`2�bBM; i?2 h�vHQ`
_mH2 +Q2{+B2Mi φπX >Qr2p2`- BM~�iBQM �M/ i?2 QmiTmi ;�T �`2 KQ`2 pQH�iBH2 BM i?2 M2r
bi2�/v bi�i2- #2+�mb2 72r2` ?Qmb2?QH/b mHiBK�i2Hv T`Q+2bb BM7Q`K�iBQM �#Qmi b?Q+FbX h?2
iBK2@T�i? 7Q` i?2 pQH�iBHBiv Q7 BM~�iBQM �M/ i?2 QmiTmi ;�T Bb THQii2/ BM };m`2 k+ �M/ k/X

h?Bb K2�Mb i?�i 2p2M B7 i?2 TQHB+vK�F2` /Q2b MQi +�`2 �#Qmi i`mbi 7Q` Bib QrM b�F2-
BMi`Q/m+BM; bBKTHB}2/ +QKKmMB+�iBQM +�M ?�p2 M2;�iBp2 HQM;@`mM r2H7�`2 2z2+ibX h?Bb Bb
#2+�mb2 Bi +�mb2b bQK2 ?Qmb2?QH/b r?Q r2`2 T`2pBQmbHv T�vBM; �ii2MiBQM iQ i?2 AM~�iBQM
_2TQ`i iQ brBi+? iQ bBKTHB}2/ +QKKmMB+�iBQM �M/ i?2`27Q`2 HQb2 i`mbi BM i?2 +2Mi`�H
#�MF- r?B+? K2�Mb i?�i i?2 HQM;@`mM b?�`2 Q7 ?Qmb2?QH/b T`Q+2bbBM; BM7Q`K�iBQM 7`QK
i?2 +2Mi`�H #�MF 7�HHb- �M/ i?�i BM+`2�b2b i?2 pQH�iBHBiv Q7 BM~�iBQMX

jXe 6�+iQ`b �z2+iBM; i?2 "�H�M+2 "2ir22M i?2 hrQ 1z2+ib
�b /2b+`B#2/ �i i?2 #2;BMMBM; Q7 i?Bb b2+iBQM- i?Bb KQ/2H Bb 2M;BM22`2/ iQ ;Bp2 � +2Mi`�H
`QH2 iQ i?2 +QM+2`M i?�i bBKTH2 +QKKmMB+�iBQM /Q2bMǶi +QKKmMB+�i2 mM+2`i�BMiv �TT`Q@
T`B�i2Hv �M/ i?Bb +�M H2�/ ?Qmb2?QH/b iQ #2+QK2 bm`T`Bb2/X :Bp2M i?2 `2bmHi �#Qp2- r?v
rQmH/ � +2Mi`�H #�MF BM Qm` KQ/2H 2MpB`QMK2Mi �/QTi i?2 bBKTH2 +QKKmMB+�iBQM bi`�i@
2;v\ AM i?Bb bm#b2+iBQM r2 /2b+`B#2 i?2 F2v KQ/2H T�`�K2i2`b i?�i �Hi2` i?2 K�;MBim/2
Q7- �M/ bT22/ Q7 KQpBM; #2ir22M- i?2 TQbBiBp2 �M/ M2;�iBp2 r2H7�`2 2z2+ibX h?2 7`�K2@

Reh?2 2ti`� δsS +QK2b 7`QK i?2 bm`T`Bb2 i?2v `2+2Bp2 BM i?2 T2`BQ/ �7i2` i?2v biQT T`Q+2bbBM; bBKTHB}2/
+QKKmMB+�iBQM- r?2M i?2v `2�HBb2 i?�i i?2 b?Q+Fb BM T2`BQ/ t∗ r2`2 MQi rBi?BM i?2 bmTTQ`i Q7 i?2B`
2tT2+i�iBQMbX

kk



rQ`F �HbQ �HHQrb mb iQ #2;BM iQ 2tTHQ`2 i?2 2ti2Mi iQ r?B+? +2Mi`�H #�MFb BMi`Q/m+BM;
bBKTHB}2/ +QKKmMB+�iBQM K�v rBb? iQ �HbQ 2M;�;2 BM Qi?2` Qmi`2�+? �+iBpBiB2b iQ i`v iQ
T`2p2Mi i?Bb /Bb2M;�;2K2Mi �M/ `2/m+iBQM BM r2H7�`2 Qp2` iBK2X AM i?2 M2ti b2+iBQM- r2
`2H�i2 i?2b2 KQ/2H T�`�K2i2`b iQ KQ`2 T`�+iB+�H +QM+2Tib BM i?2 `2�H rQ`H/ �M/ 2KT?�bBb2
i?2 j 1ǶbX

jXeXR JvQTB�

AM �bb2bbBM; i?2 /2+BbBQM iQ BMi`Q/m+2 i?2 bBKTH2 7Q`Kb Q7 +QKKmMB+�iBQM- � +2Mi`�H #�MF2`
M22/b iQ r2B;? M2�`@i2`K r2H7�`2 ;�BMb rBi? HQM;2` i2`K HQbb2bX aBM+2 i?2 TQi2MiB�H +Qbib
+QK2 QMHv Qp2` iBK2- � KQ`2 KvQTB+ +2Mi`�H #�MF2` rBHH #2 KQ`2 HBF2Hv iQ r�Mi iQ brBi+?
�b i?2 7mim`2 r2H7�`2 HQbb2b rBHH #2 /Bb+QmMi2/ iQr�`/ x2`QX

jXeXk Gm+F

A7 i?2`2 �`2 T2`BQ/b Q7 b?Q+Fb rBi? bK�HH2` i?�M �p2`�;2 K�;MBim/2b i?2M �p2`�;2 i`mbi
rBHH `Bb2- �M/ MQ ?Qmb2?QH/b rBHH brBi+? �r�v 7`QK `2�/BM; i?2 bBKTHB}2/ +QKKmMB+�iBQMX
�b bQQM �b H�`;2` b?Q+Fb +QK2 �HQM;- i?Qm;?- i`mbi rBHH 7�HHX hQ b22 i?Bb- };m`2b j� �M/
j# THQi i?2 T�i?b Q7 λt �M/ T̄t 7Q` irQ bBKmH�iBQMb Q7 i?2 KQ/2HX

h?2 2z2+i Q7 i?2b2 /Bz2`2Mi iBK2 T�i?b Q7 i`mbi �M/ 2M;�;2K2Mi Bb `2~2+i2/ BM K�`F2/Hv
/Bz2`2Mi r2H7�`2 2z2+ibX 6B;m`2 j+ Uj/V b?Qrb i?�i BM~�iBQM UQmiTmi ;�TV pQH�iBHiv /2@
+`2�b2b U/2+`2�b2bV r?2M bBKTHB}2/ +QKKmMB+�iBQM Bb BMi`Q/m+2/- �M/ B7 b?Q+Fb �`2 #2MB;M
Bi bi�vb HQr- �b BM i?2 }`bi 88 T2`BQ/b Q7 i?2 ;`22M bBKmH�iBQMX h?Bb K�F2b i?2 �/QTiBQM
Q7 bBKTHB}2/ +QKKmMB+�iBQM Km+? KQ`2 #2M2}+B�H BM i?2 ;`22M UbQHB/V bBKmH�iBQM i?�M BM
i?2 `2/ U/�b?2/V- r?2`2 H�`;2 b?Q+Fb 2�`Hv QM �7i2` i?2 BMi`Q/m+iBQM Q7 bBKTHB}2/ +QK@
KmMB+�iBQM +�mb2 H�`;2 7�HHb BM i`mbi �M/ 2M;�;2K2MiX

jXeXj G2bb b2MbBiBpBiv iQ bm`T`Bb2b UQ` ;`2�i2` b2MbBiBpBiv iQ +QKKmMB+�iBQMV

�MQi?2` Q#pBQmbHv BKTQ`i�Mi �bT2+i Q7 i?2 KQ/2H- �M/ QM2 i?�i K�v TQi2MiB�HHv #2 BM@
~m2M+2/ #2 i?2 +2Mi`�H #�MF- Bb i?2 bT22/ �i r?B+? i?2 +2Mi`�H #�MF ;�BMb Q` HQb2b i`mbi
Uδc > 0 �M/ δs < 0VX AMi2`2biBM;Hv- r2 `2�+? i?2 M2r HQr2`@r2H7�`2 bi2�/v bi�i2 2p2M BM
i?2 +�b2 r?2`2 i?2 i`mbi HQbb 7`QK i?2 2tT2+i2/ bm`T`Bb2 Bb bK�HH2` i?�M i?2 i`mbi ;�BM
7`QK +QKKmMB+�iBQM UBX2X δc + δsES > 0VX h?Bb Bb #2+�mb2 MQi `2�/BM; �Mv +QKKmMB+�@
iBQM Bb �M �#bQ`#BM; bi�i2, QM+2 i`mbi ?�b 7�HH2M #2HQr i?2 +`BiB+�H H2p2H 7Q` � ?Qmb2?QH/-
Bi Bb �bbmK2/ i?2v biQT `2�/BM; �Mv +QKKmMB+�iBQM �M/ i?2`2 Bb MQ r�v 7Q` i`mbi iQ `Bb2
�;�BMX UAM `2�HBiv- i?2 +2Mi`�H #�MF rBHH ?�p2 iQ �/QTi �Hi2`M�iBp2 2M;�;2K2Mi i2+?MB[m2b
iQ `22bi�#HBb? i`mbiXV �7i2` K�Mv T2`BQ/b- i?2`2 rBHH 2p2Mim�HHv #2 2MQm;? H�`;2 b?Q+Fb iQ
2Mbm`2 i?�i i`mbi 7�HHb iQ i?2 H2p2H M22/2/ iQ `2�+? i?2 M2r bi2�/v bi�i2X h?Bb Bb ?2HT2/
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6B;m`2 j, hBK2 T�i? Q7 λt- T̄t- o�`π �M/ o�`ỹt �7i2` i?2 BMi`Q/m+iBQM Q7 bBKTHB}2/ +QKKmMB@
+�iBQM, i?2 2z2+i Q7 #2M;BM Q` pQH�iBH2 iBK2b

h?2 #Hm2 /Qii2/ HBM2 Bb i?2 2tT2+i2/ T�i? Q7 b?�`2 Q7 T`Q+2bbBM; ?Qmb2?QH/b- �p2`�;2 i`mbi-
i?2 p�`B�M+2 Q7 BM~�iBQM Q` i?2 p�`B�M+2 Q7 i?2 QmiTmi ;�TX h?2 ;`22M UbQHB/V �M/ `2/
U/�b?2/V HBM2b �`2 i?2b2 p�`B�#H2b 7Q` irQ bBKmH�iBQMb Q7 i?2 KQ/2HX

#v i?2 7�+i i?�i i`mbi Bb #QmM/2/ �#Qp2 #v R- bQ K�Mv T2`BQ/b Q7 `2�bQM�#Hv �++m`�i2
+QKKmMB+�iBQM /Q2b MQi BKTHv i`mbi +QMiBMm�HHv BKT`QpBM;X 6B;m`2 9 THQib i?2 b�K2
2tT2+i2/ iBK2 T�i?b Q7 KQ/2H p�`B�#H2b +QMbB/2`2/ BM };m`2b k- +QKT�`BM; i?2 #�b2HBM2
`2bmHib rBi? i?2 +Q``2bTQM/BM; T�i?b B7 T2M�Hiv 7`QK bm`T`Bb2b UδsV ?�b #22M `2/m+2/ bQ
i?�i i?2 2z2+i Q7 +QKKmMB+�iBQM QM i`mbi �7i2` �M �p2`�;2@bBx2/ bm`T`Bb2 Bb TQbBiBp2X

Ai i�F2b Km+? HQM;2` 7Q` ?Qmb2?QH/b iQ biQT `2�/BM; i?2 bBKTHB}2/ +QKKmMB+�iBQM BM
i?Bb b2iiBM;- �M/ bQ i?2`2 �`2 K�Mv KQ`2 T2`BQ/b #27Q`2 2M;�;2K2Mi rBi? +2Mi`�H #�MF
+QKKmMB+�iBQM Bb 2tT2+i2/ iQ 7�HH #2HQr Bib BMBiB�H H2p2HX h?2 2+QMQKv /Q2b biBHH �``Bp2
�i i?2 M2r bi2�/v bi�i2 BM r?B+? MQ ?Qmb2?QH/ rBi? µh > 0 `2�/b �Mv +2Mi`�H #�MF
+QKKmMB+�iBQM 2p2Mim�HHv- ?Qr2p2`X AM i?Bb +�HB#`�iBQM i?�i Bb 2tT2+i2/ iQ Q++m` �7i2`
�TT`QtBK�i2Hv Ryy v2�`b U9yy [m�`i2`bVX
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6B;m`2 9, hBK2 T�i? Q7 λt- T̄t- o�`π �M/ o�`ỹt �7i2` i?2 BMi`Q/m+iBQM Q7 bBKTHB}2/ +QKKmMB@
+�iBQM, i?2 2z2+i Q7 H2bb b2MbBiBpBiv pB� δc > 0 �M/ δs < 0

LQi2b, h?2 #Hm2 /Qii2/ HBM2 Bb i?2 2tT2+i2/ T�i? b?�`2 Q7 T`Q+2bbBM; ?Qmb2?QH/b- �p2`�;2
i`mbi- i?2 p�`B�M+2 Q7 BM~�iBQM Q` i?2 QmiTmi ;�T BM i?2 #�b2HBM2 KQ/2HX h?2 `2/ bQHB/ HBM2
Bb i?2 b�K2 2tT2+i2/ T�i?b 7Q` � RyW bK�HH2` UH2bb M2;�iBp2V p�Hm2 Q7 δsX

jXeX9 ai�`iBM; H2p2Hb Q7 i`mbi K�ii2`

h?2 BMi`Q/m+iBQM Q7 bBKTHB}2/ +QKKmMB+�iBQM �i i?2 "�MF Q7 1M;H�M/ /B/ MQi i�F2 TH�+2
BM � p�+mmKX Ai r�b- BM T�`i- � `2bTQMb2 iQ � ;2M2`�H 7�HH BM i?2 i`mbi ?Qmb2?QH/b TH�+2/
BM i?2 BMbiBimiBQM U�M/ BM Tm#HB+ BMbiBimiBQMb BM ;2M2`�HV �7i2` i?2 :`2�i _2+2bbBQM U�b
?B;?HB;?i2/ �#Qp2VX >2`2 r2 b?Qr i?2 2z2+ib Q7 BMi`Q/m+BM; bBKTHB}2/ +QKKmMB+�iBQM BM
i?Bb KQ/2H /Bz2` /2T2M/BM; QM r?2i?2` Bi Bb /QM2 BM �M 2`� Q7 ?B;? i`mbi UBX2X T`2@+`BbBbV
Q` �7i2` �M 2ti2`M�H b?Q+F ?�b `2/m+2/ i?2 i`mbi Q7 �HH ?Qmb2?QH/b UTQbi@+`BbBbVX

6B;m`2 8 THQib i?2 2tT2+i2/ T�i?b Q7 i?2 b?�`2 Q7 ?Qmb2?QH/b rBi? TQbBiBp2 BM7Q`K�iBQM
T`Q+2bbBM; +Qbib 2M;�;BM; rBi? +2Mi`�H #�MF +QKKmMB+�iBQMb λt- �p2`�;2 i`mbi- �M/ i?2
pQH�iBHBiv Q7 BM~�iBQM �M/ i?2 QmiTmi ;�T- �7i2` i?2 BMi`Q/m+iBQM Q7 bBKTHB}2/ +QKKmMB@
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+�iBQM 7Q` irQ bi�`iBM; TQBMibX AM i?2 }`bi U/`�rM BM #Hm2V- i`mbi BM T2`BQ/ x2`Q #27Q`2
i?2 BMi`Q/m+iBQM Q7 bBKTHB}2/ +QKKmMB+�iBQM Bb ?B;? 7Q` �HH ?Qmb2?QH/b- r?2`2�b BM i?2
b2+QM/ UBM `2/V BMBiB�H i`mbi Bb HQr 7Q` �HH ?Qmb2?QH/b- 2p2M i?Qb2 r?Q ?�p2 #22M `2�/BM;
i?2 AM~�iBQM _2TQ`i 7Q` K�Mv T2`BQ/bRdX AM #Qi? +�b2b- i?2 2tT2+i2/ T�i?b Q7 �HH p�`B�#H2b
�`2 THQii2/ �b T2`+2Mi�;2 /2pB�iBQMb 7`QK i?2 `2bT2+iBp2 p�Hm2b Q7 i?2b2 p�`B�#H2b BM i?2
T2`BQ/ #27Q`2 i?2 BMi`Q/m+iBQM Q7 bBKTHB}2/ +QKKmMB+�iBQMX
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6B;m`2 8, hBK2 T�i? Q7 λt- T̄t- o�`π �M/ o�`ỹt �7i2` i?2 BMi`Q/m+iBQM Q7 bBKTHB}2/ +QKKmMB@
+�iBQM, i?2 2z2+i Q7 /Bz2`2Mi bi�`iBM; H2p2Hb Q7 i`mbiX

LQi2b, h?2 #Hm2 /Qii2/ HBM2 Bb i?2 2tT2+i2/ T�i? Q7 2Bi?2` b?�`2 Q7 T`Q+2bbBM; ?Qmb2?QH/b-
�p2`�;2 i`mbi- i?2 p�`B�M+2 Q7 BM~�iBQM Q` Q7 i?2 QmiTmi ;�T `2H�iBp2 iQ BMBiB�H p�Hm2b rBi?
?B;? BMBiB�H i`mbiX h?2 `2/ bQHB/ HBM2 Bb i?2 2tT2+i2/ T�i? `2H�iBp2 iQ T2`BQ/ y Q7 i?2 b�K2
p�`B�#H2b BM i?2 +�b2 r?2`2 BMBiB�H i`mbi Bb HQrX

h?2 b?�`2 Q7 ?Qmb2?QH/b 2M;�;BM; rBi? +2Mi`�H #�MF +QKKmMB+�iBQM λt BM+`2�b2b r?2M
bBKTHB}2/ +QKKmMB+�iBQM Bb BMi`Q/m+2/ 7Q` #Qi? BMBiB�H H2p2Hb Q7 i`mbi- #mi i?Bb BM+`2�b2 Bb

Rdh?2 BMBiB�H i`mbi #27Q`2 bBKTHB}2/ +QKKmMB+�iBQM Q7 i?Qb2 MQi `2�/BM; �Mv +QKKmMB+�iBQMb �M/ i?Qb2
`2�/BM; i?2 AM~�iBQM _2TQ`i Bb yXN �M/ R `2bT2+iBp2Hv BM i?2 ?B;? i`mbi +�b2- �M/ yXR �M/ yXk `2bT2+iBp2Hv
BM i?2 HQr i`mbi +�b2X

ke



bm#bi�MiB�HHv H�`;2` r?2M BMBiB�H i`mbi Bb HQrX >Qr2p2`- HQr BMBiB�H i`mbi �HbQ H2�/b iQ � KQ`2
`�TB/ /2+HBM2 BM λtX h?Bb Bb #2+�mb2 i?2 iQi�H +Qbi iQ � ?Qmb2?QH/ Q7 T`Q+2bbBM; +2Mi`�H
#�MF +QKKmMB+�iBQMb Bb i?2 +QKTH2tBiv Q7 i?�i BM7Q`K�iBQM F KmHiBTHB2/ #v µh

Th
X h?2

/Bz2`2M+2 #2ir22M i?2 +Qbi Q7 T`Q+2bbBM; i?2 bBKTHB}2/ +QKKmMB+�iBQM �M/ i?2 AM~�iBQM
_2TQ`i Bb i?2`27Q`2 ?B;?2` r?2M i`mbi Bb HQr,

CL,h,t − CIR,h,t =
(FL − FIR)µh

Th
UkyV

q?2M i`mbi Bb HQr- BMi`Q/m+BM; bBKTHB}2/ +QKKmMB+�iBQM i?2`27Q`2 K�F2b � ;`2�i2` /B7@
72`2M+2 iQ i?2 +Qbib Q7 T`Q+2bbBM; +2Mi`�H #�MF +QKKmMB+�iBQM- �M/ bQ i?2 BMBiB�H `Bb2 BM
λt r?2M bBKTHB}2/ +QKKmMB+�iBQM Bb BMi`Q/m+2/ Bb ;`2�i2` r?2M i`mbi Bb HQrX h?2 `�i2 �i
r?B+? T`Q+2bbBM; +Qbi 7�HHb �b i`mbi `Bb2b Bb �HbQ ;`2�i2` r?2M i`mbi Bb HQrX h?Bb Bb r?v λt
7�HHb KQ`2 [mB+FHv Qp2` iBK2 BM i?2 HQr BMBiB�H i`mbi +�b2,

dCL,h,t

dTh
= −FLµh

T 2
h

UkRV

h?2b2 T�i?b 7Q` λt BKTHv i?�i i?2 7�HH BM i?2 pQH�iBHBiv Q7 BM~�iBQM QM i?2 BMi`Q/m+iBQM Q7
bBKTHB}2/ +QKKmMB+�iBQM Bb ;`2�i2` r?2M BMBiB�H i`mbi Bb HQr- #mi i?�i BM~�iBQM pQH�iBHBiv
�HbQ `Bb2b KQ`2 [mB+FHv BM i?Bb +�b2X h?2 HQr@i`mbi bi2�/v bi�i2 i?�i Bb `2�+?2/ �7i2` K�Mv
T2`BQ/b Q7 bBKTHB}2/ +QKKmMB+�iBQM �M/ ?Qmb2?QH/ bm`T`Bb2b Bb i?2 b�K2 B``2bT2+iBp2 Q7
i?2 BMBiB�H H2p2Hb Q7 i`mbiX �b i?2 p�`B�M+2 Q7 BM~�iBQM #27Q`2 bBKTHB}2/ +QKKmMB+�iBQM Bb
?B;?2` r?2M i`mbi Bb HQr2`- i?2 BM+`2�b2 BM BM~�iBQM pQH�iBHBiv 7`QK T`2@bBKTHB}2/ +QKKm@
MB+�iBQM iQ i?2 M2r bi2�/v bi�i2 Bb bK�HH2` 7Q` HQr2` BMBiB�H i`mbiR3X

AMi2`2biBM;Hv- �p2`�;2 i`mbi K�v �+im�HHv #2 ?B;?2` BM i?2 M2r bi2�/v bi�i2 �7i2` i?2
BMi`Q/m+iBQM Q7 bBKTHB}2/ +QKKmMB+�iBQM i?�M Bi r�b rBi? Dmbi i?2 AM~�iBQM _2TQ`iX
h?Bb Bb #2+�mb2 i?2`2 Bb � H�`;2 MmK#2` Q7 ?Qmb2?QH/b r?Q 2M;�;2 rBi? i?2 bBKTHB}2/
+QKKmMB+�iBQM �M/ bQ b22 i?2B` i`mbi `Bb2X h?2v biQT 2M;�;BM; r?2M i?2v `2+2Bp2 �
bm`T`Bb2 �M/ i?2B` i`mbi 7�HHb- #mi Bi Bb biBHH �#Qp2 i?2 H2p2H r?2M i?2 AM~�iBQM _2TQ`i r�b
i?2 QMHv r�v iQ 2M;�;2 rBi? i?2 +2Mi`�H #�MFX h?Bb Bb MQi i?2 +�b2 BM Qm` #�b2HBM2 rBi?
K2/BmK BMBiB�H i`mbi- Q` rBi? ?B;? BMBiB�H i`mbiX

9 h?2 j 1Ƕb Q7 Sm#HB+ *QKKmMB+�iBQM
q2 MQr im`M iQ +QMbB/2` i?2 T`�+iB+�H bi2Tb � +2Mi`�H #�MF +�M i�F2 BM +QMDmM+iBQM rBi?
�/QTiBM; bBKTHB}2/ +QKKmMB+�iBQMX A7 i?2 +QM+2`Mb #mBHi BM iQ i?2 KQ/2H �`2 +Q``2+i- i?2b2

R3GQr2` BMBiB�H i`mbi BKTHB2b ?B;?2` BMBiB�H BM~�iBQM pQH�iBHBiv #2+�mb2 rBi? HQr2` i`mbi- 72r2` ?Qmb2?QH/b
�`2 2M;�;BM; rBi? i?2 AM~�iBQM _2TQ`i- �M/ bQ 72r2` ?Qmb2?QH/b �`2 BM7Q`K2/ �#Qmi b?Q+FbX
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�`2 M2+2bb�`v bi2Tb iQ 2Mbm`2 i?2 HQM;2bi TQbbB#H2 #2M2}ib BM i2`Kb Q7 r2H7�`2 �M/ i`mbiX
"mi 2p2M B7 MQi- i?2b2 �`2 HBF2Hv iQ #2 /2bB`�#H2 �b T�`i Q7 +2Mi`�H #�MFbǶ +QKKBiK2Mi iQ
#2 �++QmMi�#H2 iQ i?2 r?QH2 2+QMQKvX

q?BH2 KQbi Q7 i?2 +2Mi`�H #�MF +QKKmMB+�iBQM HBi2`�im`2 7Q+mb2b QM K�M�;2K2Mi Q7
2tT2+i�iBQMb- r2 �/QTi � 7Q+mb QM j 1Ƕb i?�i TH�v �M BKTQ`i�Mi `QH2 BM i?2 K�M�;2K2Mi
Q7 2tT2+i�iBQMb,RN

Ç 1tTH�M�iBQM
Ç 1M;�;2K2Mi
Ç 1/m+�iBQM
q2 b?�HH /Bb+mbb 2�+? BM im`M �M/ `2H�i2 i?2 B/2�b Qm` KQ/2HǶb T`2/B+iBQMbX q2 �HbQ

/Bb+mbb i?2 "�MF Q7 1M;H�M/Ƕb �+iBpBiB2b mM/2` 2�+? ?2�/BM;X

9XR 1tTH�M�iBQM
h?Bb Bb i?2 +Q`2 Q7 +QKKmMB+�iBQM BM i?2 2zQ`i iQ K�M�;2 2tT2+i�iBQMbX 1tTH�M�iBQM Bb
�#Qmi 2Mbm`BM; i?2 T2QTH2 7Q`K i?2B` 2tT2+i�iBQMb rBi? i?2 #2bi TQbbB#H2 BM7Q`K�iBQMX AM
i?2 KQ/2H- Bi Bb i?2 b2M/BM; Q7 bB;M�HbX AM `2�HBiv Bi Bb Km+? ?�`/2`X h?2 2+QMQKv Bb MQi
bmKK�`Bb2/ #v irQ BM/2T2M/2Mi b?Q+Fb #mi Bb- `�i?2`- � ?B;? /BK2MbBQM�H �M/ 2ti`2K2Hv
+QKTH2t bvbi2KX

AM i?2 KQ/2H- r2 2K#2//2/ i?2 +QKTH2tBiv Q7 i?2 2tTH�M�iBQM BM i?2 +QKKQM +Qbi Q7
i?2 +QKKmMB+�iBQM FIR Q` FLX h?2 B/2� Q7 i?2 KQ/2H Bb i?�i +H2�`2` 2tTH�M�iBQMb i?�i
�`2 2�bB2` iQ `2�/ U`2H�i2/ iQ i?2 2�`HB2` K�i2`B�H QM `2�/�#BHBiv K2�bm`2bV- #mBH/ i`mbi #mi
mHiBK�i2Hv K�v H2�/ iQ i?2 ?Qmb2?QH/ #2BM; mM/mHv +QM}/2Mi �#Qmi i?2 7mim`2 Qmi+QK2
bm+? i?2v �`2 bm`T`Bb2/ #v �+im�H /2p2HQTK2MibX

>�H/�M2 �M/ J+J�?QM UkyR3V mM/2`iQQF �M 2tT2`BK2Mi mbBM; i?2 +QKKmMB+�iBQM
7`QK i?2 "�MF Q7 1M;H�M/Ƕb LQp2K#2` kyRd `2H2�b2 Q7 KQ`2@2�bBHv@mM/2`biQQ/ +QKKm@
MB+�iBQM �HQM;bB/2 i?2 i`�/BiBQM�H [m�`i2`Hv AM~�iBQM _2TQ`i UA_V �M/ JQM2i�`v SQHB+v
amKK�`vXky h?2 M2r- #`Q�/2`@BMi2`2bi p2`bBQM Q7 i?2 A_ #2+�K2 FMQrM �b Bib H�v2`2/
+QMi2Mic /Bz2`2Mi H�v2`b bTQF2 iQ H2bb@bT2+B�HBbi �m/B2M+2bX AM i?�i T�T2`- r2 T`2b2Mi2/
i?2 `2bmHib Q7 i?2b2 2tT2`BK2Mib +QM/m+i2/ BKK2/B�i2Hv �7i2` i?2 LQp2K#2` kyRd AM~�@
iBQM _2TQ`i H�mM+?X h?2`2 r2`2 irQ ;`QmTb bm`p2v2/, � bm`p2v Q7 k38 K2K#2`b Q7 i?2
lE ;2M2`�H Tm#HB+ UǳSm#HB+ b�KTH2ǴV �M/ � b�KTH2 Q7 }`bi@v2�` ;`�/m�i2 bim/2Mib BM i?2
/2T�`iK2Mi Q7 2+QMQKB+b �i i?2 lMBp2`bBiv Q7 Pt7Q`/ UǳJS?BH b�KTH2ǴVX >2`2 r2 `2H�i2
i?Qb2 `2bmHib iQ i?2 �M�HvbBb BM i?2 T�T2`- �b r2HH �b mT/�i2 i?2 /Bb+mbbBQM 7Q` KQ`2 `2+2Mi

RNh?2`2 �`2 MmK2`Qmb Qi?2` Ǵj 1ǶbǴ BM /Bz2`2Mi }2H/b bm+? �b i?2 j 1Ƕb Q7 bmbi�BM�#BHBiv U1MpB`QMK2Mi�H-
1+QMQKB+- �M/ 1i?B+�HV �b BM :QQ/H�M/ URNN8VX

ky1tT2`BK2Mib BM K�+`Q2+QMQKB+b �`2 KQ`2 +QKKQM i?�M Q7i2M +QMbB/2`2/ iQ #2 i?2 +�b2X 6Q` 2t�KTH2-
b22 S2i2`b2M 2i �HX UkyR9V 7Q` � /Bb+mbbBQMX

k3



�M�Hvb2b Q7 i?2 Bbbm2X
h?2 H�v2`2/ +QMi2Mi �+?B2p2/ Bib �BK Q7 #2BM; 2�bB2` iQ `2�/X Ai ?�/ � 6H2b+?@EBM+�B/

:`�/2 G2p2H Q7 dX3 U2B;?i? ;`�/2 H2p2HV- r?B+? +QKT�`2b rBi? i?2 JQM2i�`v SQHB+v amK@
K�`v- r?B+? r�b `2H2�b2/ �i i?2 b�K2 iBK2- rBi? � 6H2b+?@EBM+�B/ :`�/2 G2p2H Q7 RjX9X

q2 `�M/QKHv �bbB;M2/ T�`iB+BT�Mib iQ `2�/ i?2 M2r +QMi2Mi Q` i?2 i`�/BiBQM�H +QMi2Mi
�M/ K2�bm`2/ i?2B` 2tT2+i�iBQMb 7Q` i?2 lE 2+QMQKv �i i?2 iBK2 mbBM; 2[m�iBQM UkkVX
h?2 /mKKv p�`B�#H2- .UG�v2`bV- BM/B+�i2b i?Qb2 T�`iB+BT�Mib i?�i `2�/ i?2 M2r bivH2
+QKKmMB+�iBQMX q2 mb2 � b2`B2b Q7 /2KQ;`�T?B+ +QMi`QHb- Xi- BM i?2 Tm#HB+ b�KTH2-
i?Qm;? i?2b2 �`2 MQi �p�BH�#H2 BM i?2 JS?BH b�KTH2XkR �b � T`Qtv 7Q` FMQrH2/;2- r2 mb2
r?2i?2` Q` MQi i?2 T2`bQM ?�b bim/B2/ 2+QMQKBM+b UD(1+QM)V PM2 Q7 i?2 [m2biBQMb �bFb
ǳhQ r?�i 2ti2Mi /Q vQm ?�p2 +QM}/2M+2 BM i?2 "�MF Q7 1M;H�M/ �b � Tm#HB+ BMbiBimiBQM iQ
BKTH2K2Mi K�+`Q2+QMQKB+ TQHB+v\Ǵc r2 mb2 i?Bb- h`mbi- �b Qm` T`Qtv K2�bm`2 7Q` 2tBbiBM;
i`mbi BM i?2 "�MF Q7 1M;H�M/X

Yi = γ0 + γ1D(G�v2`b) + γ2D(1+QM) + γ3h`mbi + Γ′Xi + ζi UkkV

>2`2 r2 `2THB+�i2 �M/ 2tT�M/ QM i?�i 2�`HB2` �M�HvbBb iQ b?Qr ?Qr i?2 `2bTQMb2b
/2T2M/ QM #Qi? FMQrH2/;2 Q7 2+QMQKB+b �M/ i?2 T`Qtv 7Q` T`2@2tBbiBM; i`mbi BM i?2 BM@
biBimiBQMX AM Q`/2` iQ 2KT?�bBb2 i?2 H�ii2` TQBMi- r2 �HbQ `mM � `2;`2bbBQM- 2[m�iBQM UkjV
i?�i BM+Hm/2b �M BMi2`�+iBQM #2ir22M 2tBbiBM; i`mbi �M/ 2tTQbm`2 iQ i?2 M2r +QMi2Mi,

Yi = γ0+γ1D(G�v2`b)+γ2D(1+QM)+γ3h`mbi+γ4S`BQ` h`mbi×D(G�v2`b)+Γ′Xi+ζi UkjV

q2 �bb2bb2/ i?2 2z2+i Q7 i?2 M2r bivH2 QM `2bTQMb2b iQ i?`22 [m2biBQMb,
RX ǳhQ r?�i 2ti2Mi �`2 vQm �#H2 iQ mM/2`bi�M/ i?2 +QMi2Mi �M/ K2bb�;2b Q7 i?2 K�i2`B�H

vQm Dmbi `2�/\ǴX S�`iB+BT�Mib b2H2+i2/ 7`QK � }p2@TQBMi b+�H2 7`QK r?B+? r2 +`2�i2/
� MmK2`B+ p�`B�#H2 lM/2`bi�M/ r?B+? `�M;2b 7`QK R UǳLQM2 Q` M2�`Hv MQM2 Q7 BiǴV
iQ 8 Uǳ�HH Q` M2�`Hv �HH Q7 BiǴVX

kX ǳ>Qr ?�b `2�/BM; i?2 2t+2`Ti 7`QK i?2 AM~�iBQM _2TQ`i bmKK�`v +?�M;2/ vQm`
pB2rb Q` 2tT2+i�iBQMb QM i?2 QmiHQQF 7Q` i?2 lE 2+QMQKv- B7 �i �HH\Ǵ 6`QK i?Bb
[m2biBQM- �HQM; rBi? FMQrH2/;2 Q7 ?Qr T�`iB+BT�Mib /Bz2`2/ 7`QK i?2 A_ 7Q`2+�bib-
r2 /2}M2 � /mKKv p�`B�#H2 .U�/DmbiV r?B+? Bb 1 B7 i?2 T�`iB+BT�Mi �TT`QT`B�i2Hv
�/Dmbib i?2B` 2tT2+i�iBQMb- �M/ 0 Qi?2`rBb2Xkk

jX ǳG2�`MBM; i?�i i?Bb Bb ivTB+�H Q7 i?2 ivT2 Q7 +QKKmMB+�iBQM BM i?2 "�MF Q7 1M;H�M/Ƕb
kR1t+Hm/BM; +QMi`QHb /Q2b MQi bB;MB}+�MiHv �z2+i i?2 `2bmHib 7Q` i?2 Tm#HB+ b�KTH2X
kkS�`iB+BT�Mib T`QpB/2/ i?2B` irQ@v2�`b 2tT2+i�iBQMb 7Q` *SA BM~�iBQM- mM2KTHQvK2Mi �M/ BMi2`2bi

`�i2b QM � }p2@TQBMi b+�H2 7`QK ǳ6�HH bB;MB}+�MiHv U@kVǴ i?`Qm;? ǳ"`Q�/Hv mM+?�M;2/ UyVǴ iQ ǳAM+`2�b2
bB;MB}+�MiHv UkVǴX h?2 LQp2K#2` kyRd A_ T`QD2+iBQMb r2`2 �HbQ K�TT2/ iQ i?Bb b+�H2X h?Bb �HHQr2/ mb
iQ rQ`F Qmi r?2i?2` +QMp2`;BM; QM i?2 A_ T`QD2+iBQMb K2�Mi i?�i i?2 T�`iB+BT�Mi b?QmH/ #2+QK2 KQ`2
T2bbBKBbiB+ U?B;?2` BM~�iBQM- mM2KTHQvK2Mi �M/fQ` BMi2`2bi `�i2bV Q` QTiBKBbiB+X
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[m�`i2`Hv AM~�iBQM _2TQ`i- ?Qr ?�b i?2 AM~�iBQM _2TQ`iƘbmKK�`v �z2+i2/ vQm`
T2`+2TiBQMb Q7 i?2 "�MF Q7 1M;H�M/- B7 �i �HH\ǴƘh?2 }p2@TQBMi MmK2`B+ b+�H2- K2�@
bm`BM; ∆Perception- `mMb 7`QK ǳqQ`b2M2/ bB;MB}+�MiHv URVǴ iQ i?`Qm;? ǳ"`Q�/Hv
mM+?�M;2/ UjVǴ iQ ǳAKT`Qp2/ bB;MB}+�MiHv U8VǴX

h�#H2 9 T`2b2Mib i?2 `2bmHib Q7 `2;`2bbBQMb Q7 .UG�v2`bV QM T�`iB+BT�Mi mM/2`bi�M/BM;
7`QK i?2 irQ /Bz2`2Mi b�KTH2bX *QHmKMb URV@UjV T`2b2Mi i?2 `2bmHib 7Q` i?2 Tm#HB+ b�KTH2
�M/ U9V@U8V 7Q` i?2 JS?BH bm`p2vX h?2 K�BM `2bmHi Bb i?�i- 7Q` #Qi? b�KTH2b- i?2 M2r
H�v2`2/ +QMi2Mi Bb 2�bB2` iQ `2�/ �M/ mM/2`bi�M/- 2p2M 7Q` i2+?MB+�HHv@�/p�M+2/ JS?BH
bim/2MibX h?Bb BKT`Qp2K2Mi BM mM/2`bi�M/BM; r�b bi�iBbiB+�HHv bB;MB}+�Mi 7Q` #Qi? b�K@
TH2b- �i i?2 RW H2p2H- �M/ �p2`�;2/ yXe3 TQBMib �+`Qbb i?2 irQX hQ +QMi2tim�HBb2 i?2b2
#2M2}ib- i?2 2z2+i Q7 i?2 H�v2`2/ +QMi2Mi QM mM/2`bi�M/BM; Bb H�`;2` i?�M i?2 2z2+i QM
mM/2`bi�M/BM; Q7 bim/vBM; 2+QMQKB+b �b T�`i Q7 � mMBp2`bBiv /2;`22X h?2 JS?BH b�KTH2
`2bmHib bm;;2bib i?�i 2p2M i?2 i`�/BiBQM�H- i2+?MB+�HHv@i`�BM2/ �m/B2M+2b K�v #2M2}i 7`QK
+H�`B7vBM; �M/ bBKTHB7vBM; +QKKmMB+�iBQMX

h�#H2 9, _2;`2bbBQM �M�HvbBb Q7 +QKKmMB+�iBQM 2tT2`BK2Mi QM lM/2`bi�M/BM;
URV UkV UjV U9V U8V

lM/2`bi�M/ lM/2`bi�M/ lM/2`bi�M/ lM/2`bi�M/ lM/2`bi�M/

.UG�v2`bV yXdR   yX3j   yXdj   yXej   yX9e
(yXyy) (yXyy) (yXyy) (yXyy) (yXR9)

h`mbi t .UG�v2`bV yXkR yXke
(yXRR) (yX9d)

.U1+QMQKB+bV yX89   yX89   
(yXyy) (yXyy)

h`mbi yXRy yXR8  yXyRe yXRe @yXyR8
(yXRy) (yXyj) (yX3R) (yXkN) (yXNe)

*QMbi�Mi kXe3   kX9N   kXe3   jXej   jXd9   
(yXyy) (yXyy) (yXyy) (yXyy) (yXyy)

P#b2`p�iBQMb k38 kj8 k38 e3 e3
_@b[m�`2/ yXkke yXk9d yXkj8 yXR9y yXR8y

1biBK�iBQM PGa PGa PGa PGa PGa
.2KQ;`�T?B+ *QMi`QHb u2b u2b u2b LQ LQ
a�KTH2 Sm#HB+ LQM@1+QM Sm#HB+ JS?BH JS?BH

LQi2b, .UG�v2`bV Bb R B7 i?2 T�`iB+BT�Mi r�b `�M/QKHv �bbB;M2/ i?2 M2r- H�v2`2/ +QMi2Mi BM
i?2 2tT2`BK2MiX .U1+QMQKB+bV Bb � /mKKv p�`B�#H2 r?B+? Bb R B7 i?2 T�`iB+BT�Mi ?�b bim/B2/
2+QMQKB+b �b T�`i Q7 � mMBp2`bBiv /2;`22 +Qm`b2X "Q1 *QM}/2M+2 Bb � MmK2`B+ p�`B�#H2
`�iBM; i?2 T�`iB+BT�MiǶb +QM}/2M+2 BM i?2 "�MFX .2KQ;`�T?B+ +QMi`QHb- �p�BH�#H2 QMHv 7Q`
i?2 Tm#HB+ bm`p2v- �`2 b2T�`�i2 /mKKv p�`B�#H2b 2[m�H iQ R BM/B+�iBM; i?2 `2bTQM/2Mi Bb
62K�H2- 1M;HBb?@bT2�FBM;- "`BiBb? M�iBQM�HBiv- aim/2Mi Q` 6mHHiBK2 1KTHQv2/X S@p�Hm2b
+QMbi`m+i2/ mbBM; `Q#mbi bi�M/�`/ 2``Q`b �`2 `2TQ`i2/ BM #`�+F2ib #2HQr i?2 +Q2{+B2Mi
2biBK�i2bX

*QHmKMb UjV �M/ U8V `2TQ`i i?2 2biBK�i2b Q7 UkjVX h?2 `2bmHib Q7 /Bz2`2Mi H2p2Hb Q7
T`BQ` i`mbi QM i?2 2z2+i Q7 .UG�v2`bV Bb T`2b2Mi2/ ;`�T?B+�HHv 7Q` i?2 irQ b�KTH2b BM };m`2

jy



eX h?2 b�KTH2 2biBK�i2b �`2 p2`v +HQb2 �+`Qbb i?2 irQ b�KTH2bX AM T�`iB+mH�`- i?Qb2 r?Q
?�p2 ?B;?2bi 2tBbiBM; i`mbi }M/ i?2 M2r +QMi2Mi iQ #2 �M 2p2M #B;;2` BKT`Qp2K2MiX

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

Very little Somewhat A great deal
Existing Trust

Public (with CI)

MPhil (with CI)

6B;m`2 e, J�`;BM�H 1z2+i Q7 D(Layers) QM D(Understand) #v h`mbi

LQi2b, h?2 #Hm2 i`B�M;H2b U`2/ b[m�`2bV b?Qr i?2 2biBK�i2/ +Q2{+B2Mi 7`QK i?2 Sm#HB+
UJS?BHV b�KTH2 Q7 i?2 2z2+i Q7 `2�/BM; i?2 G�v2`2/ *QMi2Mi UD(Layers)V QM `2TQ`i2/
mM/2`bi�M/BM; #v /Bz2`2Mi H2p2Hb Q7 h`mbiX h?2 HBM2b �`QmM/ i?2 TQBMi 2biBK�i2b BM/B+�i2
i?2 N8W +QM}/2M+2 BMi2`p�HbX

q2 MQr `2T2�i i?2 �M�HvbBb mbBM; i?2 D(Adjust) /mKKv p�`B�#H2 iQ b22 B7 T�`iB+BT�Mib
#`Qm;?i i?2B` 2tT2+i�iBQMb BMiQ HBM2 rBi? i?2 "�MF Q7 1M;H�M/ 7Q`2+�biX �b i?2 /2T2M/2Mi
p�`B�#H2 Bb � /mKKv p�`B�#H2- r2 mb2 � T`Q#Bi KQ/2H 7Q` 2[m�iBQMb UkkV �M/ UkjVX h�#H2 8
�M/ };m`2 e T`2b2Mi i?2 `2bmHib �b #27Q`2X h?2 2z2+i Q7 i?2 KQ`2 `2�/�#H2 +QKKmMB+�iBQM
QM 2tT2+i�iBQMb /Bz2`b #2ir22M i?2 irQ b�KTH2bX AM i?2 +�b2 Q7 i?2 ;2M2`�H Tm#HB+ bm`p2v-
H�v2`2/ +QKKmMB+�iBQM #QQbib i?2 +?�M+2 i?�i i?2 T�`iB+BT�Mi mT/�i2 ?2`f?Bb #2HB27b iQ
#2+QK2 KQ`2 +HQb2Hv �HB;M2/ rBi? i?2 "�MFǶb 7Q`2+�bibX h?Bb 2z2+i Bb KQ`2 bB;MB}+�Mi
7Q` i?2 H2bb i`mbiBM; Ur?B+? Bb i?2 #mHF Q7 i?2 Tm#HB+ b�KTH2VX 6Q` JS?BH bim/2Mib- i?2
�p2`�;2 +Q2{+B2Mib �`2 TQbbBiBp2- #mi i?2 `2bmHib �`2 MQi bi�iBbiB+�HHv bB;MB}+�MiHvX

6BM�HHv- i�#H2 e �M/ };m`2 3 2t�KBM2 r?2i?2` T�`iB+BT�Mib `2�/BM; i?2 M2r +QMi2Mi
i2M/2/ iQ /2p2HQT �M BKT`Qp2/ T2`+2TiBQM Q7 Ui`mbi BMV i?2 BMbiBimiBQMX q?BH2 i?2 K2�M
2z2+i Bb MQi bi�iBbiB+�HHv bB;MB}+�Mi BM i?2 Tm#HB+ bm`p2v- Bi Bb ?B;?Hv bB;MB}+�Mi BM i?2 JS?BH
b�KTH2X h?2 BM+HmbBQM Q7 i?2 BMi2`�+iBQM i2`K- �b rBi? i?2 `2;`2bbBQMb QM mM/2`bi�M/BM;
i?2 +QMi2Mi- b?Qrb i?2 irQ b�KTH2b �`2 [mBi2 bBKBH�`X h?2 BMi2`�+iBQM i2`K ?B;?HB;?ib
i?�i i?2 H�v2`2/ +QMi2Mi i2M/b iQ bB;MB}+�MiHv BM+`2�b2 T2`+2TiBQMb Q7 i?Qb2 rBi? 2tBbiBM;
?B;? H2p2Hb Q7 i`mbiX h?2 /Bz2`2Mi K2�M 2biBK�i2b b22Kb iQ `2~2+i i?2 7�+i i?�i i?2
2tBbiBM; H2p2Hb Q7 i`mbi �`2- QM �p2`�;2- ?B;?2` BM i?2 JS?BH b�KTH2X h?2`2 Bb- BM �//iBQM-
� /Bz2`2M+2 r?2`2#v i?2 i2+?MB+�HHv@i`�BM2/ JS?BH `2bTQM/2Mib b22K iQ �TT`2+B�i2 2zQ`ib
iQ ǳi�HF iQ i?2 H�vT2`bQMǴ KQ`2X h?2 i�F2�r�v 7`QK i?Bb Bb i?�i QM@;QBM; 2zQ`ib K�v #2
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h�#H2 8, _2;`2bbBQM �M�HvbBb Q7 +QKKmMB+�iBQM 2tT2`BK2Mi
URV UkV UjV U9V U8V

.U�/DmbiV .U�/DmbiV .U�/DmbiV .U�/DmbiV .U�/DmbiV

.UG�v2`bV yXj8  yX9j  yXjj yXyNy @yXRe
(yXy9) (yXyk) (yXye) (yXd3) (yXde)

h`mbi t .UG�v2`bV @yXy3N yXjd
(yXe9) (yX8y)

.U1+QMQKB+bV @yXk9 @yXk9
(yXjk) (yXjj)

h`mbi @yXRR @yXydy @yXye8 yXk3 yXy99
(yXk3) (yX8R) (yXej) (yXke) (yXNR)

*QMbi�Mi @yXkR yXyje @yXkR @yX3R   @yXee 
(yX8k) (yXNk) (yX8R) (yXyR) (yXyd)

P#b2`p�iBQMb k38 kj8 k38 e3 e3

1biBK�iBQM S`Q#Bi S`Q#Bi S`Q#Bi S`Q#Bi S`Q#Bi
.2KQ;`�T?B+ *QMi`QHb u2b u2b u2b LQ LQ
a�KTH2 Sm#HB+ LQM@1+QM Sm#HB+ JS?BH JS?BH

LQi2b, .UG�v2`bV Bb R B7 i?2 T�`iB+BT�Mi r�b `�M/QKHv �bbB;M2/ i?2 M2r- H�v2`2/ +QMi2Mi BM
i?2 2tT2`BK2MiX .U1+QMQKB+bV Bb � /mKKv p�`B�#H2 r?B+? Bb R B7 i?2 T�`iB+BT�Mi ?�b bim/B2/
2+QMQKB+b �b T�`i Q7 � mMBp2`bBiv /2;`22 +Qm`b2X "Q1 *QM}/2M+2 Bb � MmK2`B+ p�`B�#H2
`�iBM; i?2 T�`iB+BT�MiǶb +QM}/2M+2 BM i?2 "�MFX .2KQ;`�T?B+ +QMi`QHb- �p�BH�#H2 QMHv 7Q`
i?2 Tm#HB+ bm`p2v- �`2 b2T�`�i2 /mKKv p�`B�#H2b 2[m�H iQ R BM/B+�iBM; i?2 `2bTQM/2Mi Bb
62K�H2- 1M;HBb?@bT2�FBM;- "`BiBb? M�iBQM�HBiv- aim/2Mi Q` 6mHHiBK2 1KTHQv2/X S@p�Hm2b
+QMbi`m+i2/ mbBM; `Q#mbi bi�M/�`/ 2``Q`b �`2 `2TQ`i2/ BM #`�+F2ib #2HQr i?2 +Q2{+B2Mi
2biBK�i2bX
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Very little Somewhat A great deal
Existing Trust

Public (with CI)

MPhil (with CI)

6B;m`2 d, J�`;BM�H 1z2+i Q7 D(Layers) QM D(Adjust) #v h`mbi

LQi2b, h?2 #Hm2 i`B�M;H2b U`2/ b[m�`2bV b?Qr i?2 2biBK�i2/ +Q2{+B2Mi 7`QK i?2 Sm#HB+
UJS?BHV b�KTH2 Q7 i?2 2z2+i Q7 `2�/BM; i?2 G�v2`2/ *QMi2Mi UD(Layers)V- #v /Bz2`2Mi
H2p2Hb Q7 h`mbi- QM r?2i?2` i?2 `2bTQM/2Mi �/Dmbi2/ i?2B` 2tT2+i�iBQMb BM i?2 /B`2+iBQM
Q7 i?2 "�MF Q7 1M;H�M/ 7Q`2+�biX h?2 HBM2b �`QmM/ i?2 TQBMi 2biBK�i2b BM/B+�i2 i?2 N8W
+QM}/2M+2 BMi2`p�HbX

jk



h�#H2 e, _2;`2bbBQM �M�HvbBb Q7 +QKKmMB+�iBQM 2tT2`BK2Mi
URV UkV UjV U9V U8V

∆ S2`+2TiBQM ∆ S2`+2TiBQM ∆ S2`+2TiBQM ∆ S2`+2TiBQM ∆ S2`+2TiBQM

.UG�v2`bV yXy3j yXy3e yXyN3 yXj8  yXRe
(yXjj) (yXje) (yXkj) (yXyR) (yX9N)

h`mbi t .UG�v2`bV yXRk yXjy
(yXRN) (yXR3)

.U1+QMQKB+bV @yXyjk @yXyjj
(yXde) (yXd8)

h`mbi yXR8   yXRe   yXRy @yXR9 @yXjR 
(yXyy) (yXyy) (yXRy) (yXRN) (yXyd)

*QMbi�Mi jXRN   jXRj   jXky   jXRk   jXkj   
(yXyy) (yXyy) (yXyy) (yXyy) (yXyy)

P#b2`p�iBQMb k38 kj8 k38 ee ee
_@b[m�`2/ yXy88 yXye8 yXyek yXRRR yXRj3

1biBK�iBQM PGa PGa PGa PGa PGa
.2KQ;`�T?B+ *QMi`QHb u2b u2b u2b LQ LQ
a�KTH2 Sm#HB+ LQM@1+QM Sm#HB+ JS?BH JS?BH

LQi2b, .UG�v2`bV Bb R B7 i?2 T�`iB+BT�Mi r�b `�M/QKHv �bbB;M2/ i?2 M2r- H�v2`2/ +QMi2Mi BM
i?2 2tT2`BK2MiX .U1+QMQKB+bV Bb � /mKKv p�`B�#H2 r?B+? Bb R B7 i?2 T�`iB+BT�Mi ?�b bim/B2/
2+QMQKB+b �b T�`i Q7 � mMBp2`bBiv /2;`22 +Qm`b2X "Q1 *QM}/2M+2 Bb � MmK2`B+ p�`B�#H2
`�iBM; i?2 T�`iB+BT�MiǶb +QM}/2M+2 BM i?2 "�MFX .2KQ;`�T?B+ +QMi`QHb- �p�BH�#H2 QMHv 7Q`
i?2 Tm#HB+ bm`p2v- �`2 b2T�`�i2 /mKKv p�`B�#H2b 2[m�H iQ R BM/B+�iBM; i?2 `2bTQM/2Mi Bb
62K�H2- 1M;HBb?@bT2�FBM;- "`BiBb? M�iBQM�HBiv- aim/2Mi Q` 6mHHiBK2 1KTHQv2/X S@p�Hm2b
+QMbi`m+i2/ mbBM; `Q#mbi bi�M/�`/ 2``Q`b �`2 `2TQ`i2/ BM #`�+F2ib #2HQr i?2 +Q2{+B2Mi
2biBK�i2bX

M22/2/ iQ `2�+? �M/ +QMpBM+2 i?Qb2 T�`ib Q7 i?2 Tm#HB+ KQbi KBbi`mbi7mH Q7 +2Mi`�H #�MFb
iQ #2;BM rBi?X h?Bb bT2�Fb iQ BKT`Qp2/ +QKKmMB+�iBQM �HQM;bB/2 BKT`Qp2/ 2+QMQKB+b
2/m+�iBQM 7Q` i?Bb H2bb bT2+B�HBbi �m/B2M+2 Ub22 #2HQrVX

aBM+2 Qm` Q`B;BM�H �M�HvbBb- Qi?2`b ?�p2 +QM/m+i2/ bBKBH�` rQ`FX �HbQ 7Q+mbBM; QM
i?2 "�MF Q7 1M;H�M/Ƕb BMi`Q/m+iBQM Q7 H�v2`2/ +QMi2Mi- "?QH�i 2i �HX UkyR3V i2bi2/ 7Qm`
/Bz2`2Mi r�vb Q7 +QKKmMB+�iBM; i?2 62#`m�`v kyR3 AM~�iBQM _2TQ`i, URV i?2 i`�/BiBQM�H
JQM2i�`v SQHB+v amKK�`v- UkV i?2 H�v2`2/ +QMi2Mi- UjV � `2/m+2/ i2ti bmKK�`v- �M/ U9V �
`2H�i�#H2 bmKK�`vX h?2 H�ii2` irQ r2`2 /2bB;M2/ #v i?2 DQBMi "Ahf"�MF Q7 1M;H�M/ i2�KX
h?2 `2H�i�#H2 bmKK�`v �BK2/ iQ K�F2 i?2 K�i2`B�H KQ`2 `2H�i�#H2 iQ i?2 HBp2b Q7 i?2
T�`iB+BT�Mib- �b r2HH �b 2tT`2bbBM; +Qbib BM �#bQHmi2 `�i?2` i?�M `2H�iBp2 Q` ;`Qri? i2`KbX
h?Bb `2H�i�#H2 bmKK�`v r�b 7QmM/ iQ #2 KQbi 2z2+iBp2 �i BM+`2�bBM; +QKT`2?2MbBQM b+Q`2b
UY9kW +QKT�`2/ iQ i?2 i`�/BiBQM�H JQM2i�`v SQHB+v amKK�`vV �M/ Bi r�b �HbQ i?2 KQbi
2z2+iBp2 7Q` �TTHB+�#H2 mM/2`bi�M/BM;X 6Q` 2t�KTH2- `2�/2`b Q7 Bi r2`2 #2bi �#H2 iQ T`2/B+i
r?�i � #�bF2i Q7 ;`Q+2`B2b +QbiBM; ȠRyy b?QmH/ +Qbi M2ti v2�` #�b2/ QM i?2 BM7Q`K�iBQMX

AM i?2 la +QMi2ti- *QB#BQM 2i �HX UkyRNV +QM/m+i � H�`;2 Uky-yyy T�`iB+BT�MiV _*h
2t�KBMBM; 2B;?i /Bz2`2Mi +QKKmMB+�iBQM ivT2b �#Qmi BM~�iBQMX h?2v }M/ i?�i `2�/BM;

jj
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Very little Somewhat A great deal
Existing Trust

Public (with CI)

MPhil (with CI)

6B;m`2 3, J�`;BM�H 1z2+i Q7 D(Layers) QM ∆S2`+2TiBQMb #v h`mbi

LQi2b, h?2 #Hm2 i`B�M;H2b U`2/ b[m�`2bV b?Qr i?2 2biBK�i2/ +Q2{+B2Mi 7`QK i?2 Sm#HB+
UJS?BHV b�KTH2 Q7 i?2 2z2+i Q7 `2�/BM; i?2 G�v2`2/ *QMi2Mi UD(Layers)V QM `2TQ`i2/
T2`+2TiBQMb �#Qmi i?2 BMbiBimiBQM #v /Bz2`2Mi H2p2Hb Q7 h`mbiX h?2 HBM2b �`QmM/ i?2 TQBMi
2biBK�i2b BM/B+�i2 i?2 N8W +QM}/2M+2 BMi2`p�HbX

i?2 6PJ* bi�i2K2Mi +?�M;2b BM~�iBQM 2tT2+i�iBQMb #v i?2 b�K2 �b i?2 H�i2bi BM~�iBQM
/�i�X h?2 2z2+i Bb 2+QMQKB+�HHv bB;MB}+�Mi Ĝ ?Qmb2?QH/bǶ �p2`�;2 BM~�iBQM 7Q`2+�bi Bb
`2/m+2/- 7`QK � ?B;? H2p2H- #v �`QmM/ RXk T2`+2Mi�;2 TQBMibX h?2v �HbQ 7QmM/ i?�i
`2HvBM; QM M2rb BMi2`K2/B�`B2b- bm+? �b i?2 K2/B�- ;Bp2b `Bb2 iQ 2z2+ib i?�i �`2 bK�HH2`
�M/ H2bb T2`bBbi2MiX h?Bb Bb T�`iB+mH�`Hv i?2 +�b2 7Q` bQK2 HQr2`@BM+QK2- HQr2`@2/m+�iBQM
T�`iB+BT�Mib r?2M `2�/BM; ǳla� hQ/�vǴX �b r2HH �b TQBMiBM; iQ � M22/ 7Q` 7m`i?2` `2b2�`+?
QM i?2 `QH2 Q7 i?2 K2/B� BM 2tT2+i�iBQM 7Q`K�iBQM- i?Bb �HbQ bm;;2bib � TQi2MiB�HHv TQi2Mi
`QH2 7Q` /B`2+i +QKKmMB+�iBQM `�i?2` i?�M `2HvBM; QM K2bb�;2 BMi2`K2/B�`B2bX

"BM/2` �M/ _Q/`B;m2 UkyR3V- �HbQ BM i?2 la +QMi2ti- }M/ i?�i ?Qmb2?QH/bǶ HQM;@`mM
BM~�iBQM 7Q`2+�bib `2�+i iQ +QKKmMB+�iBQM �#Qmi i?2 T`2p�BHBM; Q` `2+2Mi BM~�iBQM `�i2- Q`
i?2 BM~�iBQM i�`;2iX h?Bb bm;;2bib i?�i- 7Q` bQK2 ?Qmb2?QH/b- 2p2M � p2`v bBKTH2 K2bb�;2
bm+? �b i?2 BM~�iBQM i�`;2i +QmH/ #2 p2`v TQr2`7mH BM �+M?Q`BM; 2tT2+i�iBQMb- #mi QMHv B7
i?Qb2 ?Qmb2?QH/b +�M #2 `2�+?2/X

9Xk 1M;�;2K2Mi
*H2�`Hv@2tTH�BM2/ +QKKmMB+�iBQM K�v +QmMi 7Q` MQi?BM; B7 T2QTH2 /QMǶi 2M;�;2 rBi? i?2b2
+QKKmMB+�iBQM BM i?2 }`bi TH�+2X h?2 2z2+ib i?�i r2 }M/ BM Qm` 2tT2`BK2Mi +QK2 �#Qmi
�7i2` T�`iB+BT�Mib r2`2 BM+2MiBpBb2/ iQ 2M;�;2X "mi ?Qr HBF2Hv Bb Bi i?�i T2QTH2 /Q 2M;�;2\
hQ ;Bp2 � b2Mb2 Q7 i?2 +?�HH2M;2 7�+BM; +2Mi`�H #�MFb B7 i?2v biB+F rBi? i?2B` i`�/BiBQM�H
K2/BmK Q7 2tTH�M�iBQM- r2 �bF2/ i?2 b�KTH2 T�`iB+BT�Mib BM Qm` bm`p2v Q7 i?2 Tm#HB+ BM
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LQp2K#2` kyRd �#Qmi i?2B` 7�KBHB�`Biv rBi? i?2 A_X JQbi T�`iB+BT�Mib UeeWV +H�BK2/ iQ
?�p2 ?2�`/ Q7 i?2 A_- �Hi?Qm;? H2bb i?�M eW ?�/ 2p2` `2�/ Bi U�M/ rBi? QMHv R T�`iB+BT�Mi
r?Q +H�BK2/ iQ `2�/ Bi `2;mH�`HvVX h?2 `2K�BMBM; j9W ?�/ M2p2` ?2�`/ Q7 BiX

6Q` i?2b2 `2�bQMb- 2M;�;2K2Mi Bb- HBF2 2tTH�M�iBQM- +Q`2 iQ i?2 Q#D2+iBp2b Q7 i?2 +2Mi`�H
#�MF r?2M BKT`QpBM; Bib TQHB+v 2z2+iBp2M2bbX �M/ �b rBi? 2tTH�M�iBQM- 2M;�;2K2Mi BM
i?2Q`v Bb 2�bB2` i?�M BM T`�+iB+2X JQ`2Qp2`- � F2v K2bb�;2 Q7 Qm` i`mbi KQ/2H Bb i?�i
bBKTH2 +QKKmMB+�iBQM QM Bib QrM KB;?i MQi #2 2MQm;?X hQ #mBH/ �M/ K�BMi�BM i`mbi-
Bi KB;?i `2[mB`2 2ti`� �+iBQMX 1M;�;2K2Mi BM Bib2H7 KB;?i +QMi`B#mi2 iQ #mBH/BM; �M/- BM
T�`iB+mH�`- K�BMi�BMBM; i?�i i`mbiX P`- Tmi /Bz2`2MiHv- i`mbi Bb H2bb HBF2Hv iQ /2T`2+B�i2
UQ` 2p�TQ`�i2V i?2 ;`2�i2` i?2 /2;`22 Q7 2M;�;2K2MiX

PM2 �bT2+i Q7 Qm` KQ/2H iQ +QMbB/2` Bb r?�i ?�TT2Mb iQ i`mbi U�M/ i?2`27Q`2 i?2
TQi2MiB�H 7Q` 7mim`2 2M;�;2K2MiV B7 � ?Qmb2?QH/ /Q2bMǶi `2�/ �Mv Q7 i?2 BM7Q`K�iBQM\ AM
i?2 KQ/2H r2 K�F2 i?2 �bbmKTiBQM i?�i mM2M;�;2/ ?Qmb2?QH/b �`2 M2p2` bm`T`Bb2/ �M/
bQ i?2B` i`mbi /Q2bMǶi +?�M;2X Ai Bb �HbQ �bbmK2/ i?�i- QM+2 2M;�;2/ #mi bm`T`Bb2/- i`mbi
Bb HQbi �M/ ;QM2 7Q`2p2`X "Qi? �`2 HBF2Hv iQ #2 7�` iQQ bi`QM;X h?2`2 K�v #2 � `BbF
i?�i B7 i?2 +2Mi`�H #�MF Bb MQi +QKKmMB+�iBM; rBi? BM/BpB/m�Hb i?2M i?2B` i`mbi KB;?i
7�HH �Mvr�vX h?Bb Bb 2bT2+B�HHv i`m2 BM �M 2`� Q7 bQ+B�H K2/B� 2M;�;2K2Mib i�`;2i2/ �i
T`2pBQmbHv mM2M;�;2/ �`2�b Q7 i?2 TQTmH�iBQMX

�M �Hi2`M�iBp2 7Q`KmH�iBQM rQmH/ #2 iQ �+FMQrH2/;2 i?�i- B7 i?2 +2Mi`�H #�MF BbMǶi
i�HFBM; iQ T2QTH2- bQK2QM2 2Hb2 rBHH }HH i?2 pQB/ rBi? TQbbB#Hv MQBbB2` K2bb�;2bX � r�v iQ
KQ/2H i?Bb rQmH/ #2 iQ 7QHHQr i?2 �TTHB+�iBQM Q7 "2`MQmHHBǶb KQ/2H Q7 BM72+iBQmb /Bb2�b2b
iQ bQ+B�H /vM�KB+b �b BM "m`MbB/2 2i �HX UkyReVXkj q?BH2 i?2v �TTHv Bi iQ i?2 ?QmbBM;
K�`F2i- i?2 B/2� BM i2`Kb Q7 +2Mi`�H #�MF +QKKmMB+�iBQM Bb i?�i Q7 #2BM; i?2 M�``�iBp2
2Mi`2T`2M2m` r?Q +�M ?2HT T2QTH2 iQ K�F2 b2Mb2 Q7 i?2 2+QMQKv- �M/ 7Q`K `2�bQM�#H2
2tT2+i�iBQMbX h?2 +2Mi`�H #�MF- #v 2M;�;BM; �M/ 2/m+�iBM; T2QTH2- +�M ?2HT ?Qmb2?QH/b
iQ 7Q`K #2ii2` 2tT2+i�iBQMbX A7 � ?Qmb2?QH/ ?�b MQ 2M;�;2K2Mi rBi? i?2 +2Mi`�H #�MF-
i?2M i?2v /Q MQi `2+2Bp2 i?2 #2bi ;mB/�M+2 �M/ �`2 KQ`2 bmb+2TiB#H2 iQ #2HB2pBM; Qi?2`
UMQbB2`V QTBMBQMb �#Qmi i?2 QmiHQQF �M/ i?2 BMbiBimiBQMX h?Bb rQmH/ �/KBi � bi`QM;2`
`QH2 7Q` 2M;�;2K2Mi #2+�mb2- �#b2Mi 2M;�;2K2Mi- i?2 #�b2HBM2 +QmH/ #2 T`Q;`2bbBp2Hv H2bb
r2HH@ BM7Q`K2/ QTBMBQMb QM +2Mi`�H #�MFbX

9Xj J2/B� �M/ i?2 L�``�iBp2 *?�MM2H
a?BHH2` UkyRdV bi`2bb2b i?2 BKTQ`i�Mi `QH2 i?�i ǳTQTmH�` M�``�iBp2bǴ +�M TH�v BM /2i2`@
KBMBM; #2?�pBQm` BM i?2 K�+`Q2+QMQKvX PM2 �/p�Mi�;2 +QmH/ #2 i?�i bBKTHB}2/ +QMi2Mi
2M�#H2b ;`2�i2` +Qp2`�;2 �M/ T2M2i`�iBQM Q7 i?2 TQHB+v M�``�iBp2X �M/ i?Bb #2ii2` mM/2`@

kj"�BH2v 2i �HX UkyRdV �HbQ /Bb+mbb i?2 `QH2 Q7 bQ+B�H +QMi�;BQM BM /`BpBM; ?QmbBM; K�`F2i #2?�pBQm`X
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bi�M/BM; Q7 i?2 7�+iQ`b /`BpBM; i?2 /2+BbBQMb +QmH/ ?2HT iQ `2/m+2 i?2 BM+B/2M+2 Q7 bm+?
b2H7@`2BM7Q`+BM; 2tT2+i�iBQM�H brBM;b BM b2MiBK2Mi �M/ #2?�pBQm`X

*QKKmMB+�iBQMb K�v M22/ iQ #2 bBKTH2- `2H2p�Mi �M/ biQ`v@#�b2/ iQ #2+QK2 +QMpBM+@
BM; �M/ +`2/B#H2 iQ � rB/2` �m/B2M+2X h`�/BiBQM�H +2Mi`�H #�MF +QKKmMB+�iBQMb i2M/ iQ
7�BH QM �HH i?`22 7`QMibX h?2`27Q`2- iQ #2 KQ`2 2M;�;BM;- +2Mi`�H #�MFb M22/ iQ +`2�i2 �
+QMi2tiX h?2v M22/ iQ +`2�i2 biQ`B2bX h?2 �p�BH�#BHBiv Q7 bBKTHB}2/ +2Mi`�H #�MF K2bb�;@
BM; K�v �HbQ ?2HT i`�/BiBQM�H BM7Q`K�iBQM BMi2`K2/B�`B2b- bm+? �b i?2 K�BMbi`2�K K2/B�-
r?B+? 7m`i?2` 7�+BHBi�i2b i?2 T`Q+2bb Q7 K2bb�;2 i`�MbKBbbBQM iQ � rB/2` �m/B2M+2X

� `BbF- `2H�i2/ iQ +QM+2`Mb BM JQ``Bb �M/ a?BM UkyykV- Bb i?�i bm+? bBKTH2 K2bb�;2b
+`2�i2 �M BM+2MiBp2 7Q` T2QTH2 iQ biQT BMp2biBM; BM i?2B` QrM BM7Q`K�iBQM +QHH2+iBQMX h?Bb
Bb � T`Q#H2K #2+�mb2- B7 Bi Bb +QKKQM iQ �HH ?Qmb2?QH/b- i?2M �Mv MQBb2 BM Bi H2�/b iQ
BM2{+B2Mi p�`B�iBQM BM +QMbmKTiBQMX

9XjXR aQ+B�H K2/B�, PTTQ`imMBiv �M/ +?�HH2M;2b

L2r K2/B� +?�MM2Hb- 2bT2+B�HHv #mi MQi 2t+HmbBp2Hv bQ+B�H K2/B�- T`QpB/2 M2r QTTQ`im@
MBiB2b �M/ M2r +?�HH2M;2bXk9 h?2 Q#pBQmb #2M2}i Bb i?�i Bi Bb HBF2Hv 2�bB2` iQ i�`;2i i?2
mMBM7Q`K2/ #2+�mb2 K�Mv Q7 i?2 mMBM7Q`K2/ pB2r H�`;2 �KQmMib Q7 M2rb K�i2`B�H QM
6�+2#QQF- hrBii2`- AMbi�;`�K- uQmim#2 �M/ Qi?2` bQ+B�H K2/B� 2p2`v /�vX h?2 +?�HH2M;2
Bb i?�i- BM � b�im`�i2/ K�`F2i 7Q` M2rb �M/ biQ`B2b- ?Qr +�M i?2 +2Mi`�H #�MF +QKT2i2
rBi? +�i pB/2Qb\

JQbi +2Mi`�H #�MFb �`2 MQr QM bQ+B�H K2/B� TH�i7Q`KbX J+J�?QM 2i �HX UkyR3V `2TQ`ib
7QHHQr2`b /�i� 7`QK � MmK#2` Q7 K�DQ` +2Mi`�H #�MFbX q?BH2 bQK2 ?�p2 H�`;2 7QHHQr2`b-
MQM2 ?�p2 KQ`2 i?�M yX8W Q7 i?2B` M�iBQM�H TQTmH�iBQMX hQ Tmi i?Bb BM +QMi2ti- i?2
la 62/2`�H _2b2`p2 ?�b �`QmM/ yX8K 7QHHQr2`b- r?BH2 la S`2bB/2Mi .QM�H/ h`mKT ?�b
Qp2` eRK 7QHHQr2`b Q` M2�`Hv kyW Q7 i?2 la TQTmH�iBQMXk8 h?2 KQbi 7QHHQr2/ �++QmMib
BM+Hm/2 E�iv S2``v URy3K 7QHHQr2`bV- "�`�+F P#�K� URydK 7QHHQr2`bV- CmbiBM "B2#2`
URyeK 7QHHQr2`bV- _B?�MM� UNkK 7QHHQr2`bV �M/ h�vHQ` arB7i U39K 7QHHQr2`bVX

LQM2i?2H2bb- 2�bB2` iQ mM/2`bi�M/ +QKKmMB+�iBQM b?QmH/ BKT`Qp2 i?2 `2�+? Q7 i?2
+2Mi`�H #�MFǶb +QKKmMB+�iBQMX hQ 2t�KBM2 i?Bb- r2 +QKT�`2 `2�+? 7Q` i?2 LQp2K#2`
kyRd AM~�iBQM _2TQ`i Ur?B+? ?�/ i?2 H�v2`2/ +QMi2Mi #mi �HbQ i?2 lEǶb }`bi `�i2 `Bb2 7Q`
� /2+�/2V rBi? irQ +QmMi2`@7�+im�H 2p2Mib,

RX �m;mbi kyRd UT`2pBQmbV A_ @ i?Bb Bb rBi?Qmi H�v2`2/ +QMi2Mi #mi �HbQ rBi?Qmi �Mv
K�DQ` KQM2i�`v M2rb

kX �m;mbi kyRe A_ @ i?Bb �HbQ ?�/ MQ H�v2`2/ +QMi2Mi #mi Bb �bbQ+B�i2/ rBi? bB;MB}+�Mi
KQM2i�`v M2rb U� k8#Tb `�i2 `2/m+iBQM �M/ �M �//BiBQM�H Z1 T�+F�;2VX

k9a22 �HbQ "BM/2` UkyRdV QM i?2 BKTHB+�iBQMb Q7 M2r K2/B�X
k8P7 +Qm`b2- BM #Qi? +�b2b bQK2 7QHHQr2`b rBHH #2 BMi2`M�iBQM�HX

je



h�#H2 d, �M�HvbBb Q7 A_ _2�+?
�m;mbi kyRe A_ �m;mbi kyRd A_ LQp2K#2` kyRd A_

q2#bBi2 ?Bib Re-eyy Rk-9ey jy-Nyy
Qfr G�v2` k Mf� Mf� Re-kyy
hr22ib R-d98 jky R-8ee
Qfr G�v2` R Mf� Mf� 398

LQi2b, "�MF Q7 1M;H�M/ /�i�X h?2 hr22ib MmK#2`b `2T`2b2Mi i?2 iQi�H MmK#2` Q7 `2ir22ib
Q7- [mQi2b Q7 �M/ `2THB2b iQ �HH "Q1 ir22ib `2H�iBM; iQ i?2 AM~�iBQM _2TQ`i �M/ "�MF
`�i2 �MMQmM+2K2Mi BM i?2 iBK2 T2`BQ/ mT iQ k9 ?Qm`b �7i2` 2�+? T2`BQ/Ƕb �MMQmM+2K2MibX
hr22ib �#Qmi i?2 AM~�iBQM _2TQ`i 7`QK hrBii2` �++QmMib Qi?2` i?�M i?2 "�MFǶb r?B+? �`2
MQi `2ir22ib Q7- [mQi2b Q7 Q` `2THB2b iQ "Q1 ir22ib �`2 MQi BM+Hm/2/X G�v2` R `272`b iQ Dmbi �
ir22i Q7 i?2 #�bB+ �MMQmM+2K2Mi i?�i "�MF _�i2 r2Mi mT #v k8#TbX G�v2` k Bb i?2 AM~�iBQM
_2TQ`i oBbm�H amKK�`v r2#T�;2 +QMi2Mi QM rrrXBM~�iBQM`2TQ`iX+QXmFX

h�#H2 d bmKK�`Bb2b i?2 r2#bBi2 �M/ hrBii2` �+iBpBiv �bbQ+B�i2/ rBi? i?2 i?`22 2p2Mib-
Qp2` i?2 +Qm`b2 Q7 i?2 bm#b2[m2Mi k9 ?Qm`bX h?2`2 r�b � H�`;2 BM+`2�b2 BM /B`2+i r2#bBi2
i`�{+ �bbQ+B�i2/ rBi? i?2 LQp2K#2` kyRd A_X 1p2M `2H�iBp2 iQ �m;mbi kyRe- r2#bBi2 ?Bib
�HKQbi /Qm#H2/X JQ`2Qp2`- �HKQbi �HH Q7 i?Bb BM+`2�b2 r�b �bbQ+B�i2/ rBi? ?Bib QM i?2
M2r- bBKTHB}2/ +QMi2Mi- rBi? ?Bib QM i?2 2tBbiBM; i2+?MB+�H K�i2`B�H H�`;2Hv mM�z2+i2/X
h?Bb Bb +QMbBbi2Mi rBi? i?2 M2r +QKKmMB+�iBQMb ?�pBM; �+?B2p2/ � bQK2r?�i #`Q�/2`
`2�+? rBi? � bQK2r?�i /Bz2`2Mi �m/B2M+2Xke

�M �M�HvbBb Q7 bQ+B�H K2/B� 2M;�;2K2Mi- K2�bm`2/ #v hrBii2` i`�{+- bm;;2bib � KQ`2
Mm�M+2/ TB+im`2X LmK#2`b Q7 ir22ib �M/ `2ir22ib �bbQ+B�i2/ rBi? i?2 A_ r2`2 ?B;?2bi BM
�m;mbi kyReX LQM2i?2H2bb- hrBii2` i`�{+ r�b 9XN iBK2b ?B;?2` BM LQp2K#2` kyRd i?�M BM
�m;mbi- �M/ i?2 "�MF Bib2H7 Bbbm2/ KQ`2 i?�M irB+2 �b K�Mv ir22ib BM �m;mbi kyRe i?�M
BM LQp2K#2` kyRdX

�M �Hi2`M�iBp2 rBM/Qr QM bQ+B�H rBM/Qr 2M;�;2K2Mi Bb T`QpB/2/ #v HQQFBM; �i i?2
hrBii2` M2irQ`Fb �bbQ+B�i2/ rBi? i?2 KQM2i�`v TQHB+v �M/ A_ 2p2MibX 6B;m`2 N b?Qrb
i?2b2 BM i?2 bm#b2[m2Mi k9@?Qm` T2`BQ/- rBi? MQ/2b bBx2/ �++Q`/BM; iQ i?2 MmK#2` Q7
7QHHQr2`b �M/ +QHQm`@+Q/2/ �++Q`/BM; iQ /Bz2`2Mi ivT2b Q7 BMbiBimiBQMXkd

h?2 �m;mbi kyRe �M/ LQp2K#2` kyRd hrBii2` M2irQ`Fb �`2 bBKBH�` BM i?2B` `2�+? �M/
T2M2i`�iBQMX "v +QMi`�bi- i?2 �m;mbi kyRe M2irQ`F BMpQHp2b bB;MB}+�MiHv 72r2` ir22ib BM
iQi�H �M/ i?2 M2irQ`F r�b bBKTH2` �M/ KQ`2 bT�`b2X h?2`2 Bb �HbQ 2pB/2M+2 Q7 7�` H2bb
K2/B� 2M;�;2K2MiX Pp2`�HH- i?Bb T`2HBKBM�`v �M�HvbBb Bb � Mm�M+2/ ;QQ/ M2rb K2bb�;2X

kePm` /�i� /Q2b MQi �HHQr mb iQ b?Qr i?�i i?2 2ti`� ?Bib QM i?2 r2#bBi2 ?QbiBM; i?2 M2r H�v2`b
UrrrXBM~�iBQM`2TQ`iX+QXmFV r2`2 mMB[m2X >Qr2p2`- i?2 K�DQ`Biv Q7 ?Bib iQ i?2 M2r KB+`QbBi2 +�K2 pB�
T�B/ b2�`+?- r?B+? Bb mMHBF2Hv iQ #2 `2H2p�Mi 7Q` i?2 mbm�H A_ `2�/2`bX JQ`2Qp2`- r2 +�M K2�bm`2 i?2 +HB+F@
i?`Qm;? 7`QK i?2 K�BM A_ T�;2 iQ i?2 M2r KB+`QbBi2 U�M/ pB+2 p2`b�V �M/ Bi Bb � p2`v bK�HH T2`+2Mi�;2
Q7 i?2 iQi�H ?Bib QM 2�+?c i?Bb bm;;2bib i?2 mb2`b �`2 /Bz2`2MiX

kd_2/ BM/B+�i2b "�MF Q7 1M;H�M/ ir22ibX "Hm2 �M/ ;`22M BM/B+�i2- `2bT2+iBp2Hv- Q{+B�H lE �M/ ;HQ#�H
K2/B� Q`;�MBb�iBQMb r?BH2 im`[mQBb2 `2T`2b2Mib i?2 �++QmMib Q7 bT2+B}+ DQm`M�HBbibX Sm`TH2 �`2 TQHBiB+B�MbǶ
�++QmMib- Q`�M;2 �`2 2+QMQKBbibǶ �++QmMib �M/ v2HHQr �`2 +2H2#`BivǶ �++QmMibX Pi?2` �++QmMib �`2 ;`2vX
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Ai Bb +H2�`- ?Qr2p2`- i?�i KQM2i�`v TQHB+v M2rb Bib2H7- `�i?2` i?�M i?2 K2�Mb #v r?B+? Bi
Bb +QKKmMB+�i2/- Bb i?2 H�`;2bi bBM;H2 7�+iQ` /2i2`KBMBM; i?2 `2�+? Q7 +2Mi`�H #�MF +QK@
KmMB+�iBQMbX h?Bb K�F2b /2i2+iBM; i?2 K�`;BM�H BKT�+i Q7 +?�M;2b iQ +QKKmMB+�iBQMb
bi`�i2;v T`Q#H2K�iB+ mbBM; i`�{+ /�i� �HQM2X

GQQFBM; �i i?2 iBK2@b2`B2b /�i� QM #Qi? r2#bBi2 ?Bib- irQ TQBMib bi�M/ QmiX 6B`bi-
?Bib QM i?2 pBbm�H bmKK�`v ?�p2 `2K�BM2/ �#Qmi +QMbi�Mi 2�+? A_ ULQp2K#2` kyR3 Bb �M
2t+2TiBQMVX h?Bb Bb p2`v TQbBiBp2 ;Bp2M i?2 �//BiBQM�H K�`F2iBM; 2zQ`i i?�i �++QKT�MB2/
i?2 }`bi oBbm�H amKK�`vX a2+QM/- i?2 /�i� QM hrBii2` `2ir22ib �M/ i?2 ?Bib iQ i?2
JQM2i�`v SQHB+v amKK�`v r2#bBi2 K�F2 +H2�` i?�i Bi Bb BMi2`2bi `�i2 +?�M;2b i?�i H2�/
iQ ;`2�i2bi 2M;�;2K2MiX 1p2M i?2 J�v kyR3 bm`T`Bb2 /2+BbBQM iQ MQi BM+`2�b2 `�i2b /B/
MQi H2�/ iQ i?2 b�K2 BMi2`2biX

9XjXk .B`2+i 2M;�;2K2Mi, "mbBM2bb +QMi�+ib �M/ +BiBx2Mb T�M2Hb

*2Mi`�H #�MFb +�M �HbQ 2M;�;2 T2QTH2 BM � KQ`2 /B`2+i r�vX *2Mi`�H #�MFb `2;mH�`Hv
2M;�;2 #mbBM2bb +QMi�+ib i?`Qm;? 2bi�#HBb?2/ M2irQ`Fb �+`Qbb i?2 +QmMi`vX 6Q` 2t�KTH2-
i?2 "�MF Q7 1M;H�M/ ?�b � M2irQ`F Q7 Rk _2;BQM�H �;2M+B2b �+`Qbb i?2 lE- rBi? `2;mH�`
+QMi�+i rBi? �HKQbi Ry-yyy +QKT�MB2bX h?2b2 ?mM/`2/b Q7 2M;�;2K2Mib 2�+? KQMi? �HHQr
7Q` � irQ@r�v ~Qr Q7 BM7Q`K�iBQMX h?2 BM7Q`K�iBQM ;�i?2`2/ Bb 72/ BMiQ i?2 TQHB+v T`Q+2bb
�M/ b2MBQ` TQHB+v K�F2`b Q7i2M DQBM i?2 �;2Mib QM pBbBibX

SQHB+vK�F2`b MQr T�`iB+BT�i2 BM � `�M;2 Q7 #2bTQF2 2M;�;2K2Mib- /2bB;M2/ �M/ /2@
HBp2`2/ BM T�`iM2`b?BT rBi? Q`;�MBb�iBQMb bm+? �b +?�`BiB2b- bQ+B�H 2Mi2`T`Bb2b �M/ 7�Bi?
;`QmTbX h?2b2 ;`QmTb Q7i2M `2T`2b2Mi bQK2 Q7 i?2 ?�`/2bi@iQ@`2�+? ;`QmTb BM bQ+B2iv BM@
+Hm/BM;- 7Q` 2t�KTH2- i?Qb2 HBpBM; BM bB;MB}+�Mi TQp2`iv- 7�+BM; b2p2`2 /2#i Bbbm2b- `27m;22b-
i?2 ?QK2H2bb �M/ 2p2M T`BbQM2`bX

�M/ i?2 "�MF ?�b bi�`i2/ iQ b2iiBM; mT +BiBx2MbǶ T�M2HbX h?2 B/2� Bb iQ �bb2K#H2- pB�
� Tm#HB+Biv +�KT�B;M BM HQ+�H T`BMi �M/ bQ+B�H K2/B�- � ;`QmT Q7 �`QmM/ ky@k9 T2QTH2 BM
2�+? Q7 i?2 Rk �;2M+v `2;BQMb �M/ iQ ?QH/ irQ K22iBM;b � v2�`X h?2 T2QTH2- r?Q �`2
b2H2+i2/ iQ #2 #`Q�/Hv `2T`2b2Mi�iBp2 Q7 i?2 HQ+�H TQTmH�iBQM- rBHH ?�p2 � `2;mH�` +?�M+2
iQ 2tTH�BM i?2B` rQ``B2b �M/ +QM+2`Mb- �b r2HH �b iQ /Bb+mbb +m``2Mi TQHB+v Bbbm2bX

Pi?2` +2Mi`�H #�MFb �`2 mbBM; bQ+B�H K2/B� 7Q` bm+? �ii2KTib iQ ;2M2`�i2 /B`2+i 2M@
;�;2K2MiX 6Q` 2t�KTH2- ai27�M AM;p2b- :Qp2`MQ` Q7 i?2 _BFb#�MF- i�F2b T�`i BM `2;mH�`
QMHBM2 Z��b- �b /Q2b JBMM2�TQHBb 62/ S`2bB/2Mi L22H E�b?F�`B QM hrBii2` rBi? ?Bb
ǳO�bFL22HǴ b2bbBQMbX h?2 `2+2Mi ǳ62/ GBbi2Mb +QM72`2M+2Ǵ Bb �MQi?2` 2t�KTH2X

JQM2i�`v TQHB+v /2+BbBQMb �`2 H�`;2Hv �M 2t2`+Bb2 BM BM7Q`K�iBQM �;;`2;�iBQM U>�Mb2M
2i �HX kyR9V �M/ TQHB+v K�F2`b r?Q #`BM; � #`Q�/2` +Qp2`�;2 Q7 BM7Q`K�iBQM HBF2Hv #2+QK2
KQ`2 BM~m2MiB�H U�b BM >�Mb2M 2i �HX UkyRdVVX Ab i?2`2 �Mv 2pB/2M+2 i?�i HBbi2MBM; iQ �
rB/2` �m/B2M+2 H2�/b iQ � +?�M;2 BM TQHB+v\ S2`?�Tb MQi /B`2+iHv- #mi bm+? BM7Q`K�iBQM
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U�V �m;mbi kyRe U#V �m;mbi kyRd

U+V LQp2K#2` kyRd
6B;m`2 N, hrBii2` M2irQ`F BM k9 ?Qm`b �7i2` i?2 A_ `2H2�b2

LQi2b, "�MF Q7 1M;H�M/ /�i�X �++QmMi MQ/2b �`2 bBx2/ �++Q`/BM; iQ i?2 MmK#2` Q7 7QHHQr2`b
i?2v ?�p2X _2/ BM/B+�i2b "�MF Q7 1M;H�M/ ir22ibX "Hm2 �M/ ;`22M BM/B+�i2- `2bT2+iBp2Hv- Q7@
}+B�H lE �M/ ;HQ#�H K2/B� Q`;�MBb�iBQMb r?BH2 im`[mQBb2 `2T`2b2Mib i?2 �++QmMib Q7 bT2+B}+
DQm`M�HBbibX Sm`TH2 �`2 TQHBiB+B�MbǶ �++QmMib- Q`�M;2 �`2 2+QMQKBbibǶ �++QmMib �M/ v2HHQr
�`2 +2H2#`BivǶ �++QmMibX Pi?2` �++QmMib �`2 ;`2vX
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6B;m`2 Ry, q2#bBi2 >Bib �M/ hrBii2` _2ir22ib �`QmM/ i?2 A_ H�mM+?

LQi2b, "�MF Q7 1M;H�M/ /�i�X

+�M ?2HT iQ +QMi2tim�HBb2 i?2 KQ`2 i`�/BiBQM�H /�i� �M/ ?B;?HB;?i TQi2MiB�H bQHmiBQMb iQ
/�i� TmxxH2bX Ai K�v �HbQ ?2HT TQHB+v K�F2`b iQ 2Mbm`2 i?2B` +QKKmMB+�iBQMb �`2 +QMp2v2/
BM � r�v i?�i �//`2bb2b T2QTH2bǶ +QM+2`MbX

AM �//BiBQM iQ BM7Q`K�iBQM- i?2b2 2M;�;2K2Mib b?QmH/ ?2HT #mBH/ i`mbiX AM i?2 KQ/2H-
r2 b?Qr i?�i � bi`QM;2` TQbBiBp2 `2�+iBQM iQ 2M;�;2K2Mib +QmH/ ?2HT +2Mi`�H #�MFb BK@
T`Qp2 r2H7�`2X 6B;m`2 RR b?Qrb irQ 2t�KTH2b Q7 i?Bb 7`QK i?2 "�MF Q7 1M;H�M/Ƕb /B`2+i
2M;�;2K2MibX 6B;m`2 RR� b?Qrb i?2 `2bmHib Q7 � bm`p2v Q7 i?2B` #mbBM2bb +QMi�+ib +�`@
`B2/ Qmi #v i?2 "�MF Q7 1M;H�M/Ƕb _2;BQM�H �;2Mib BKK2/B�i2Hv 7QHHQrBM; `2H2�b2 Q7 i?2
LQp2K#2` kyRd A_X h?2 bm`p2v �bF2/ bT2+B}+�HHv �#Qmi i?2 M2r H�v2`2/ +QMi2MiX Pp2`@
�HH- KQ`2 i?�M dyW Q7 `2bTQM/2Mib 72Hi i?2 M2r H�v2`2/ bmKK�`v ?2HT2/ i?2K iQ #2ii2`
mM/2`bi�M/ i?2 K2bb�;2b Q7 i?2 A_X JQ`2Qp2`- �b };m`2 RR� b?Qrb UrBi? `2bmHib #`QF2M
/QrM #v +QKT�Mv bBx2V �`QmM/ eyW Q7 `2bTQM/2Mib 72Hi i?2 M2r +QKKmMB+�iBQM BKT`Qp2/
2Bi?2` ǵbQK2r?�iǶ Q` ǵ� HQiǶ i?2B` T2`+2TiBQM Q7 i?2 "�MFX

6B;m`2 RR# b?Qrb �;;`2;�i2/ `2bmHib Q7 bm`p2vb +�``B2/ Qmi 7QHHQrBM; � 72r Q7 i?2
"�MFǶb *BiBx2MbǶ S�M2HbX �bF2/ iQ `�i2 ?Qr i?2 b2bbBQM U�V BM+`2�b2/ vQm` FMQrH2/;2 Q7
i?2 "�MFǶb `2bTQMbB#BHBiB2b- U#V BM+`2�b2/ vQm` i`mbi BM i?2 "�MF- �M/ U+V BKT`Qp2/ vQm`
mM/2`bi�M/BM; Q7 i?2 2+QMQKvX h?2 2pB/2M+2 Bb i?�i i?2 2p2Mib ?�p2 ?2HT2/ QM �HH +QmMib,
NyW 2Bi?2` ǵbQK2r?�i �;`22Ƕ Q` ǵbi`QM;Hv �;`22Ƕ i?�i i?2 2p2Mi BM+`2�b2/ i?2B` FMQrH2/;2
Q7 i?2 "�MFǶb `2bTQMbB#BHBiB2b- �M/ +QM}/2M+2c i?2 T`QTQ`iBQM Bb d8W 7Q` BM+`2�bBM; i`mbi
BM i?2 "�MFc �M/ deW #2HB2p2 Bi BKT`Qp2/ i?2B` FMQrH2/;2X P7 +Qm`b2- bm+? bm`p2v `2bmHib
b?QmH/ #2 BMi2`T`2i2/ +�`27mHHv /m2 iQ i?2 TQbbB#BHBiv Q7 b2H7@b2H2+iBQM #v +QKT�MB2b- �M/
HBF2Hv b2H7@b2H2+iBQM #v +BiBx2MbǶ T�M2Hb T�`iB+BT�MibX
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The event has:
(a) increased my understanding of the Bank of England's responsibilities

(b) increased my trust in the Bank of England

(c) has improved my understanding of the economy

U#V *BiBx2MbǶ S�M2Hb
6B;m`2 RR, 1z2+ib Q7 .B`2+i 1M;�;2K2Mi �M/ aBKTH2 *QKKmMB+�iBQM

LQi2b, am`p2v Q7 `2;BQM�H +Q`TQ`�i2 +QMi�+ib +�``B2/ Qmi #v i?2 "�MF Q7 1M;H�M/Ƕb `2;BQM�H
�;2Mib BM LQp2K#2` kyRd �M/ "�MF Q7 1M;H�M/ kyRN *BiBx2MbǶ S�M2HbX
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6BM�HHv- i?2b2 2M;�;2K2Mib +QmH/ �+im�HHv ?�p2 7m`i?2` `2�+? i?�M Bb 2�bv iQ K2�bm`2-
2X;X i?2 "�MF Q7 1M;H�M/ mb2b HQ+�H K2/B� iQ T`QKQi2 Bib �+iBpBiv BM i?2 `2;BQMbX �b BM i?2
2t�KTH2 Q7 bQ+B�H /vM�KB+b /Bb+mbb2/ �#Qp2- +2Mi`�H #�MFb M22/ iQ`+?#2�`2`b iQ +�``v i?2
biQ`v �M/ M�``�iBp2 7Q`r�`/X .B`2+i 2M;�;2K2Mi K�v ?2HT iQ T`QpB/2 bm+? iQ`+?#2�`2`b
BM i?2 HQ+�H 2+QMQKvX

9X9 1/m+�iBQM
AM i?2 KQ/2H- � F2v +?�HH2M;2 �`Bb2b 7`QK i?2 7�+i i?�i i?2 ?Qmb2?QH/b i?�i �`2 M2rHv@
2M;�;2/ #v i?2 bBKTHv +QKKmMB+�iBQM 7�BH iQ mM/2`bi�M/ i?2 +QKTH2tBiv �M/ biQ+?�biB+
M�im`2 Q7 i?2 2+QMQKvX "2ii2` 2/m+�iBQM K�v `2/m+2 i?2 +Qbib Q7 2M;�;2K2Mi �M/ `2/m+2
i?2 `2�+iBQM iQ bm`T`Bb2bc Bi K�v bHQr i?2 /2T`2+B�iBQM `�i2 Q7 i`mbi U�b BM jXeXj �#Qp2VX
�HbQ i?2 2pB/2M+2 ?�b bm;;2bi2/ i?�i i?Qb2 rBi? � #2ii2` mM/2`bi�M/BM; ?�p2 ?B;?2` H2p2Hb
Q7 i`mbi r?B+?- BM i?2 KQ/2H- rQmH/ i`�MbH�i2 BMiQ #2ii2` 2M;�;2K2Mi �M/ ?B;?2` r2H7�`2X

h?2 +2Mi`�H #�MF ?�b � T`BK�`v `QH2 7Q` 2/m+�iBM; i?2 Tm#HB+ QM Bib 7`�K2rQ`F- bi`�i@
2;v- �M�HvbBb �M/ TQHB+v /2+BbBQMbX h?Bb 2Mi�BHb 2/m+�iBQM QM #Qi? i?2 ?B;? 7`2[m2M+v �M/
HQr 7`2[m2M+v �bT2+ib i?�i i?2 +2Mi`�H #�MF +QKKmMB+�i2b QMX "2ii2` BM7Q`K2/ �;2Mib
K�v- �i � ?B;?2` 7`2[m2M+v- 7Q`K KQ`2 �TT`QT`B�i2 2tT2+i�iBQMb 7Q` BM~�iBQM- QmiTmi �M/
BMi2`2bi `�i2bX "mi- 2[m�HHv- ?B;? H2p2Hb Q7 i`mbi �M/ mM/2`bi�M/BM; K�v ?2HT iQ bmbi�BM
/2KQ+`�iB+ H2;BiBK�+v �b �M BM/2T2M/2Mi BMbiBimiBQM �M/ BKT`Qp2 i?2 `2bBHB2M+2 Q7 i`mbiX
AM i?Bb b2+iBQM- r2 /Bb+mbb �ii2KTib iQ 2/m+�i2 2tBbiBM; 2+QMQKB+ /2+BbBQM K�F2`b- H2�pBM;
2zQ`ib iQ 2/m+�i2 vQmM;2` �m/B2M+2b iQ i?2 M2ti b2+iBQMX

1p2M 2M;�;2/ �M/ i2+?MB+�H �m/B2M+2b M22/ `2;mH�` 2/m+�iBQM�H #`B2}M;X h?Bb BM+Hm/2b
#`B2}M;b rBi?- MQi2b 7Q` �M/ pB/2Qb �BK2/ �i #mbBM2bb2b �M/ K�DQ` #�MFb 2tTH�BMBM; M2r
B/2�b QM i?2 2+QMQKvX h?Bb Bb 2bT2+B�HHv M2+2bb�`v r?2M i?2 +2Mi`�H #�MF b22b }i iQ /2THQv
M2r iQQHb- Q` iQ p�`v ?Qr Bi rBHH QT2`�i2 i?2 2tBbiBM; QM2bX am+? /2+BbBQMb MQr �Hr�vb
+QK2 rBi? �//BiBQM�H 2tTH�M�iBQM �M/ 2ti`� K�i2`B�HbX

"mi i?2`2 Bb � H�`;2` TQTmH�iBQM Q7 H2bb 2M;�;2/ �M/ H2bb i2+?MB+�H /2+BbBQM K�F2`bX
PM2 2t�KTH2 Q7 ?Qr 2/m+�iBQM BM~m2M+2b i?2 ?B;? 7`2[m2M+v M�im`2 Q7 i?2 +2Mi`�H #�MFǶb
+QKKmMB+�iBQM bi`�i2;v +QM+2`Mb mM/2`bi�M/BM; Q7 2+QMQKB+ +QM+2TibX E2v rQ`/b bm+?
�b ǳBM~�iBQMǴ �M/ ǳ:.SǴ- r?B+? �`2 +2Mi`�H iQ TQHB+v /Bb+mbbBQMb- �`2 mM/2`biQQ/ #v QMHv
bK�HH KBMQ`BiB2b Q7 i?2 ;2M2`�H Tm#HB+ U>�H/�M2 kyRdVX 6Q+mb ;`QmTb ?B;?HB;?i- i?2`27Q`2-
i?�i i?2 Tm#HB+ `�`2Hv mM/2`bi�M/ i?2`2 K�v #2 � `2H�iBQMb?BT #2ir22M BM~�iBQM �M/
mM2KTHQvK2MiX h?Bb K�F2b Bi +H2�` i?�i 2tTH�M�iBQM Bb HBMF2/ iQ i?2 �#BHBiv iQ 2M;�;2
r?B+? Bib2H7 /2T2M/b QM i?2 2ti2Mi Q7 bm++2bb7mH T�bi 2/m+�iBQMX

PM2 `2�+iBQM #v � MmK#2` Q7 +2Mi`�H #�MFb- �b �H`2�/v /Bb+mbb2/- Bb iQ �/�Ti i?2B`
+QKKmMB+�iBQMb bi`�i2;B2b iQ BKT`Qp2 i?2B` `2�+? iQ i?2 ;2M2`�H Tm#HB+ i?`Qm;? KQ`2@
�++2bbB#H2 H�M;m�;2 �M/ KQ`2 /B`2+i 2M;�;2K2MiX h?2 Qi?2` Bb i?2 BM+`2�bBM; T`QpBbBQM
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Q7 pB/2Qb bm+? �b i?Qb2 2tTH�BMBM; i?2 /2+BbBQMb K�/2- Q` bBKTHv pB/2Qb 2tTH�BMBM; `2+2Mi
Bbbm2b Q` `2b2�`+? BM H�vK�MǶb i2`KbX Pi?2` `2bQm`+2b- �BK2/ �i 2/m+�iBM; QM i?2 HQr2`
7`2[m2M+v /BK2MbBQMb Q7 KQM2i�`v TQHB+v- BM+Hm/2 ;mB/2b iQ ?Qr i?2 2+QMQKv �M/ KQM@
2i�`v TQHB+v BMi2`�+i- �M/ i?2 K2+?�MBbKb i?�i �`2 �i TH�vX aT2+B}+ 2t�KTH2b BM+Hm/2
i?2 62/2`�H _2b2`p2 "�MF Q7 ai GQmBbǶ ǴAM SH�BM 1M;HBb?, J�FBM; a2Mb2 Q7 i?2 62/2`�H
_2b2`p2Ǵ K�i2`B�H- i?2 "�MF Q7 1M;H�M/Ƕb ǳEMQrH2/;2 "�MF, h?2 2+QMQKv K�/2 bBKTH2Ǵ
r2#bBi2 �M/ i?2 1*"Ƕb Ǵh?2 1*" 1tTH�BMbǴX

�BK2/ �i 2tBbiBM; +QHH2;2 bim/2Mib Q` ;`�/m�i2b- i?2 62/ �HbQ ?Qbib pB/2Qb Q7 ǳ*?�B`@
K�M "2`M�MF2Ƕb *QHH2;2 G2+im`2 a2`B2bǴX h?2b2 �`2 7Qm` H2+im`2b /2HBp2`2/ BM J�`+? kyRk
#v "2M "2`M�MF2 Ui?2M 62/ *?�B`K�MV �#Qmi i?2 62/2`�H _2b2`p2 �M/ i?2 }M�M+B�H +`BbBb
i?�i 2K2`;2/ BM kyydX

�b Bb i?2 +�b2 rBi? 2tTH�M�iBQM- � #B; +?�HH2M;2 BM 2/m+�iBM; ?Qmb2?QH/ �M/ #mbBM2bb
/2+BbBQM K�F2`b Bb 2M;�;2K2MiX h?Bb Bb T�`iB+mH�`Hv i`B+Fv r?2M i?2`2 Bb � H�`;2 TQTmH�iBQM
Q7 T2QTH2 r?Q /QMǶi mM/2`bi�M/ ?Qr i?2 �;;`2;�i2 2+QMQKv �M/ KQM2i�`v rQ`F- #mi i?2v
i?BMF i?�i i?2v /QX �i H2�bi i?Bb b?Qrb i?�i T2QTH2 r�Mi iQ mM/2`bi�M/X "mi ?Qr /Q r2
722/ i?2B` BMi2`2bi\ q?2`2 Bb i?2 KQM2i�`v TQHB+v 2[mBp�H2Mi Q7 aB` .�pB/ �ii2M#Q`Qm;?
Ui?2 M�im`2 /Q+mK2Mi�`v K�F2`V iQ bm++22/ BM +`2�iBM; rB/2bT`2�/ rQM/2` BM ?Qr +2Mi`�H
#�MFb rQ`F\ h?2 "�MF Q7 1M;H�M/ ?�b `2+2MiHv #22M i?2 bm#D2+i Q7 � irQ@T�`i- #2?BM/@
i?2@b+2M2b /Q+mK2Mi�`v QM M�iBQM�H ho BM i?2 lEX "2HQr r2 �HbQ /Bb+mbb i?2 "�MF P7
C�K�B+�Ƕb �ii2KTib �i 2M;�;2K2Mi mbBM; `2;;�2 KmbB+ pB/2QbX

8 GQr2` 6`2[m2M+v JQM2i�`v *QKKmMB+�iBQM
q?BH2 i?2 7Q+mb Q7 i?Bb T�T2` ?�b #22M QM i?2 /2+BbBQM Q7 +2Mi`�H #�MFb iQ +QKKmMB+�i2
�i � `2H�iBp2Hv ?B;? 7`2[m2M+v- i?2 H�bi b2+iBQM K�/2 +H2�` i?�i 2/m+�iBQM�H 2zQ`ib /QMǶi
?�p2 �b +H2�` � /BbiBM+iBQM #2ir22M ?B;? �M/ HQr 7`2[m2M+vX �M/ +2Mi`�H #�MFb Kmbi
�HbQ +QKKmMB+�i2 �i � HQr2` 7`2[m2M+vX h?2v Kmbi 2tTH�BM i?2B` 7`�K2rQ`F �M/- r?2`2
�TT`QT`B�i2- i�`;2i- �M/ i?2v Kmbi 2M;�;2 �M/ 2/m+�i2 i?2K iQ mM/2`bi�M/ r?�i i?2v /Q
�M/ r?vX >2`2 r2 #`B2~v 2t�KBM2 bQK2 Q7 i?2 r�v BM r?B+? HQr 7`2[m2M+v +QKKmMB+�iBQM
Bb �HbQ �#Qmi i?2 j 1Ƕb �M/ ;Bp2 bQK2 2t�KTH2b Q7 i?2 �+iBpBiB2b Q7 +2Mi`�H #�MFb BM 2�+?
`2;�`/X

8XR 1tTH�M�iBQM, AM~�iBQM h�`;2ib
h?2 rB/2bT`2�/ �/QTiBQM Q7 BM~�iBQM i�`;2iBM; bBM+2 i?2 _2b2`p2 "�MF Q7 L2r w2�H�M/
/B/ Bi BM RNNy +�M #2 pB2r2/ �b � +QKKmMB+�iBQM iQQHX h?2 B/2� r�b i?�i BM/B`2+i i�`;2ib
bm+? �b KQM2i�`v `mH2b Q` 2t+?�M;2 `�i2 i�`;2ib /B/MǶi T`QpB/2 i?2 K�DQ`Biv Q7 T2QTH2
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rBi? � bm{+B2Mi MQKBM�H �M+?Q`X AM~�iBQM i�`;2ib- Bi r�b ?QT2/- rQmH/ #2 2�bB2` iQ mM@
/2`bi�M/ �M/ i?Bb ?�b H�`;2Hv im`M2/ Qmi iQ #2 i`m2X 6Q` 2t�KTH2- *`Qr2 UkyRyV T`QpB/2b
+`Qbb@+QmMi`v 2pB/2M+2 QM i?2 mb27mHM2bb Q7 �M BM~�iBQM i�`;2i BM �M+?Q`BM; BM~�iBQM 2t@
T2+i�iBQMbX �M/ BM i?2 +�b2 Q7 i?2 la- "BM/2` UkyRdV b?Qrb i?�i i?2 62/2`�H _2b2`p2Ƕb
�/QTiBQM Q7 � 7Q`K�H kW BM~�iBQM i�`;2i +QMi`B#mi2/ iQ #2ii2` �M+?Q`2/ ?Qmb2?QH/bǶ BM@
~�iBQM 2tT2+i�iBQMbX h?Bb rQ`F �HbQ `2H�i2b iQ Bbbm2b Q7 i?2 irBM /2}+Bib �b i?2 �M�HvbBb
�HbQ b?Qrb i?�i #2ii2`@BM7Q`K2/ ?Qmb2?QH/bǶ 2tT2+i�iBQMb r2`2 KQ`2 �z2+i2/ UBM i2`Kb Q7
#2+QKBM; #2ii2` �M+?Q`2/V `2H�iBp2 iQ H2bb@BM7Q`K2/ ?Qmb2?QH/bX

h?2 BKTQ`i�M+2 Q7 HQr 7`2[m2M+v +QKKmMB+�iBQM +�MMQi #2 Qp2`@bi�i2/X *QB#BQM 2i �HX
UkyRNV- /Bb+mbb2/ �#Qp2- }M/ i?�i +QKKmMB+�iBM; i?2 62/Ƕb BM~�iBQM i�`;2i ?�b i?2 b�K2
bi�iBbiB+�HHv@bB;MB}+�Mi 2z2+i QM ?Qmb2?QH/b BM~�iBQM 2tT2+i�iBQMb �b +QKKmMB+�iBM; i?2
6PJ*Ƕb BM~�iBQM 7Q`2+�bi Q` i?2 6PJ* bi�i2K2MiX

PM2 BKTQ`i�Mi Bbbm2 i?�i �z2+ib +QKKmMB+�iBQM QM HQr 7`2[m2M+v Bbbm2b Bb ?Qr iQ
+QKKmMB+�i2 +?�M;2b iQ 2tBbiBM; 7`�K2rQ`FbX q?BH2 i?2 �#Qp2 �M�HvbBb bm;;2bib i?�i
�/QTiBM; �M BM~�iBQM i�`;2i +�M �B/ i?2 K�M�;2K2Mi Q7 BM~�iBQM 2tT2+i�iBQMb- Bi Bb H2bb
+H2�` ?Qr 2�bBHv 2bi�#HBb?2/ BM~�iBQM i�`;2iBM; `2;BK2b +QmH/ #2 +?�M;2/X h?Bb ?�b +QK2
iQ #2 /Bb+mbb2/ #2+�mb2 BM �M 2`� Q7 HQr MQKBM�H `�i2b- ?B;?2` BM~�iBQM i�`;2ib �`2 b22M #v
bQK2 �b HQr@?�M;BM; 7`mBi iQ #mBH/ � #mz2` �r�v 7`QK ?BiiBM; i?2 1z2+iBp2 GQr2` "QmM/
U1G"V �;�BM bQQMX h?Bb `2[mB`2b bF2TiB+�H � +`2/B#H2 b?B7i bm+? i?�i 2tT2+i�iBQMb KQp2
�M/ #2+QK2 `2�M+?Q`2/ �i i?2 M2r i�`;2iX

PM2 /B{+mHiv rBi? i?Bb Bb i?�i +?�M;BM; i?2 `2;BK2 K�v �HbQ bB;M�H i?�i i?2 `2;BK2
+�M +?�M;2X AM i?2 lE- 7Q` 2t�KTH2- i?2 +m``2Mi BM~�iBQM i�`;2iiBM; 7`�K2rQ`F rBi? �M
QT2`�iBQM�HHv@BM/2T2M/2Mi +2Mi`�H #�MF Bb Qp2` ky v2�`b QH/X AM i?�i iBK2 i?2`2 ?�b #22M
QM2 p�`B�iBQM BM i?2 7`�K2rQ`Fc BM .2+2K#2` kyyj- i?2 BM~�iBQM BM/2t mb2/ iQ +�H+mH�i2
i?2 K2�bm`2 Q7 BM~�iBQM BM i?2 i�`;2i r�b +?�M;2/ 7`QK _SAs iQ *SAX AM HBM2 rBi?
K2i?Q/QHQ;B+�H /Bz2`2M+2b BM i?2 irQ BM/B+2b- i?2 i�`;2i +?�M;2/ 7`QK kX8W _SAs iQ kW
*SAX Ai r�b 2KT?�bBb2/ i?�i i?Bb r�b � MQM@+?�M;2X

am+? +�`2 rBi? +`2/B#H2 �M/ 2bi�#HBb?2/ `2;BK2b Bb r�``�Mi2/X h?2 la 62/2`�H _2b2`p2
?�b `2+2MiHv �MMQmM+2/ � `2pB2r Q7 Bib KQM2i�`v 7`�K2rQ`FX >Qr2p2`- oB+2 *?�B` Q7 i?2
62/2`�H _2b2`p2 "Q�`/ �M/ 6PJ* K2K#2` _B+?�`/ *H�`B/� bm;;2bi2/ i?�i Bi rBHH #2
ǳKQ`2 HBF2Hv iQ T`Q/m+2 2pQHmiBQM- MQi � `2pQHmiBQMǴ U�T`BH kyRN bT22+?VX

8Xk 1M;�;2K2Mi, _2+2Mi LQp2H �TT`Q�+?2b
�b rBi? ?B;?2` 7`2[m2M+v �M�HvbBb- Bi Bb BKTQ`i�Mi 7Q` i?2 BKT�+i Q7 i?2 +QKKmMB+�iBQM
i?�i ?Qmb2?QH/b �M/ #mbBM2bb2b 2M;�;2 rBi? BiX h?2v M22/ iQ `2�/ Q` b22 Bi �M/ i?2v M22/
iQ i�F2 i?2 K2bb�;2 QM #Q�`/X _2Bb UkyRRV 2t�KBM2b � `�iBQM�H BM�ii2MiBQM KQ/2H BM r?B+?
� +2Mi`�H #�MF Kmbi /2+B/2 r?2M iQ K�F2 Tm#HB+ � HQr 7`2[m2M+v �MMQmM+2K2Mi bm+? �b
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+?�M;2 BM i?2 KQM2i�`v 7`�K2rQ`FX >Bb �M�HvbBb 2KT?�bBb2b i?�i 2+QMQKB+ �;2Mib i`�/2@
Qz #2BM; KQ`2 BM7Q`K2/ �#Qmi iQ/�v U�M/ `2bTQM/BM; #2ii2` iQ iQ/�vǶb 2MpB`QMK2MiV �M/
#2BM; #2ii2` BM7Q`K2/ �#Qmi i?2 7mim`2 U�M/ bQ T`2T�`BM; #2ii2` 7Q` i?2 +?�M;2VX h?2
+2Mi`�H #�MF �HbQ M22/b iQ #�H�M+2 i?2 +H�`Biv Q7 i?2 K2bb�;2 Bi +�M b2M/ Ur?B+? ;`Qrb
Qp2` iBK2V rBi? i?2 `BbF i?�i i?2 Tm#HB+ rBHH BM2{+B2MiHv +QQ`/BM�i2 QM Bib �MMQmM+2K2MiX

AM T`�+iB+2- M2r i2+?MQHQ;v ?�b T`QpB/2/ � K2+?�MBbK 7Q` /B`2+i 2M;�;2K2Mi QM i?2b2
HQr2` 7`2[m2M+v K2bb�;2b iQQX 6Q` 2t�KTH2- i?2 1*" ?�b mb2/ TQTmH�` uQmhm#2` aBKQM
*H�`F iQ 2tTH�BM r?�i i?2 +2Mi`�H �M/ bT2+B}+�HHv i?2 1*" BbX

h?2 "�MF Q7 C�K�B+�Ƕb U"QCV KQp2 7`QK � 7Q+mb QM +QMi`QH Q7 i?2 2t+?�M;2 `�i2
iQ ǳ7mHH@~2/;2/ BM~�iBQM i�`;2iBM;Ƕ U66AhVǶ ?�b #22M rB/2Hv /Bb+mbb2/ 7Q` i?2 BMMQp�iBp2
r�vb BM r?B+? i?2 "QC ?�b +QKKmMB+�i2/ i?2 KQp2 rBi? i?2 Tm#HB+Xk3

h?2 "QC 7�+2/ � Tm#HB+ i?�i r�b KQ`2 7�KBHB�` rBi? � TQHB+v 7Q+mb QM i?2 2t+?�M;2
`�i2X AM Q`/2` iQ bT2�F i?2 H�M;m�;2 Q7 i?2 Tm#HB+- i?2v ?�p2 `2H2�b2/ � b2`BQmb Q7 pB/2Qb
BM+Hm/BM; iQT `2;;�2 bi�`b Ubm+? �b h�``mb _BH2vV �M/ BM~�iBQM +QMi`QH iQ i?2 #�b2HBM2 BM
`2;;�2 KmbB+X h?`Qm;? i?2B` ǵGQr- ai�#H2- S`2/B+i�#H2 BM~�iBQMǶ M�``�iBp2- K�/2 �p�BH�#H2
QM ho- `�/BQ �M/ QM bQ+B�H K2/B� TH�i7Q`Kb bm+? �b uQmhm#2 �M/ hrBii2`- i?2v ?QT2 iQ
2bi�#HBb? #Qi? bmTTQ`i 7Q` �M/ mM/2`bi�M/BM; Q7 i?2B` M2r 7`�K2rQ`FX

q?BH2 i?Bb Bb � ;`2�i 2t�KTH2 Q7 �M BMMQp�iBp2 2M;�;2K2Mi 2zQ`i rBi? � rB/2` �m/B2M+2-
i?2 #2M2}ib �`2 KQ`2 /B{+mHi iQ K2�bm`2X "mbBM2bb2bǶ T2`+2TiBQM Q7 i?2 �mi?Q`BiB2bǶ
+QMi`QH Q7 BM~�iBQM- +�H+mH�i2/ �b Ryy THmb i?2 MmK#2` Q7 b�iBb}2/ bm`p2v `2bTQM/2Mib
KBMmb i?2 MmK#2` Q7 /Bbb�iBb}2/ `2bTQM/2Mib- /2+`2�b2/ BM �T`BH kyRN �Hi?Qm;? Bi ?�b
;2M2`�HHv #22M BM+`2�bBM; bBM+2 i?2 KQp2 iQr�`/ 66AhX "mi i?Bb �HbQ +QBM+B/2b rBi? i?2
mM/2`HvBM; bi�i2 Q7 i?2 2+QMQKvX 6m`i?2` �M�HvbBb rBHH #2 r�``�Mi2/ iQ b22 B7 i?Bb +�KT�B;M
vB2H/b HQM;2` i2`K #2M2}ib �M/ i`mbi BM i?2 66Ah 7`�K2rQ`FX

8Xj 1/m+�iBQM, 6`QK *QKB+b iQ *H�bb`QQKb
�b TQBMi2/ Qmi BM b2+iBQM 9X9- i?2 /BbiBM+iBQM #2ir22M ?B;? �M/ HQr 7`2[m2M+v +QKKmMB@
+�iBQM Bb H2bb T2`iBM2MiX aBM+2 KQbi Q7 i?2 /Bb+mbbBQM �#Qp2 +QM+2`M2/ #Qi? ?B;? �M/ HQr
7`2[m2M+v Q#D2+iBp2b iQr�`/ T2QTH2 r?Q M22/ iQ H2�`M MQr- ?2`2 r2 /Bb+mbb bQK2 Q7 i?2
2zQ`ib Q7 +2Mi`�H #�MFb #2 BMpQHp2/ BM 2/m+�iBM; vQmM;2` �m/B2M+2b BM � KQ`2 ;`�/m�H
7�b?BQM #27Q`2 i?2v #2+QK2 2+QMQKB+ /2+BbBQM K�F2`bX h?Bb +�M #2 DmbiB}2/ #v `2�HBbBM;
i?�i +?BH/`2M r?Q mM/2`bi�M/ i?2 2+QMQKv �M/ i?2 `QH2 Q7 i?2 +2Mi`�H #�MF 7`QK �M
2�`HB2` �;2 rBHH #2 H2bb bmb+2TiB#H2 iQ �ii2KTib iQ mM/2`KBM2 +2Mi`�H #�MF BM/2T2M/2M+2X

k3h?2 "�MF Q7 C�K�B+� U�K2M/K2MiV "BHH- +m``2MiHv mM/2` `2pB2r #v � CQBMi a2H2+i *QKKBii22 Q7
S�`HB�K2Mi- rBHH �K2M/ i?�i h?2 "�MF Q7 C�K�B+� �+i iQ +H�`B7v Bib K�M/�i2 �b r2HH �b bQK2 Qi?2`
+?�M;2bX h?Bb BM+Hm/2b +H�`B}+�iBQM i?�i ǳh?2 K�M/�i2 Q7 i?2 "�MF Bb i?2 K�BMi2M�M+2 Q7 T`B+2 bi�#BHBiv
�M/ }M�M+B�H bvbi2K bi�#BHBiv rBi? i?2 T`BK�`v Q#D2+iBp2 #2BM; i?2 K�BMi2M�M+2 Q7 T`B+2 bi�#BHBivǴX
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�HbQ- iQ/�vǶb vQmi? �`2 iQKQ``QrǶb TQHBiB+B�Mb �M/ /2+BbBQM K�F2`bX
q?2M r2 i?BMF Q7 2/m+�iBQM Q7 vQmM; T2QTH2- Bi Bb MQi Q#pBQmb i?�i i?2 +2Mi`�H #�MF Bb

i?2 K�BM 2MiBiv rBi? `2bTQMbB#BHBivX .2+BbBQMb bm+? �b ?Qr Km+? iQ i2�+? �#Qmi BMi2`2bi
`�i2b BM b+?QQH `2bi- ivTB+�HHv- rBi? 2/m+�iBQM�H #Q�`/b �M/ i?2 JBMBbi`v 7Q` 1/m+�iBQMX

"mi +2Mi`�H #�MFb ?�p2 i�F2M QM i?2 `QH2 Q7 T`QpB/BM;- BM �//BiBQM iQ i?2 pB/2Qb �M/
Qi?2` 2M;�;2K2Mi K2+?�MBbKb /Bb+mbb2/ �#Qp2- 7`22 +H�bb`QQK K�i2`B�HbX h?2b2 `�M;2
7`QK `2bQm`+2b �#Qmi ?Qr i?2 2+QMQKv rQ`Fb- iQ iQ r?�i i?2 +2Mi`�H #�MF /Q2bX J�Mv
+2Mi`�H #�MFb bTHBi i?2 `2bQm`+2b BMiQ K�i2`B�H 7Q` /Bz2`2Mi i�`;2i �;2 ;`QmTbX h?2 62/2`�H
_2b2`p2 "�MF Q7 L2r uQ`F ?�b 2p2M /2p2HQT2/ � b2`B2b Q7 +QKB+ #QQFb iQ /2b+`B#2 i?2
62/- KQM2i�`v TQHB+v �M/ ?Qr KQM2v rQ`FbX

J�Mv +2Mi`�H #�MFb �HbQ Qz2` +QKT2iBiBQMb 7Q` b+?QQH �M/fQ` mMBp2`bBiv bim/2MibX
h?2b2 2p2Mib `�Bb2 �r�`2M2bb Q7 i?2 +2Mi`�H #�MF �M/ Bib Q#D2+iBp2b- �b r2HH �b T`QpB/2
QTTQ`imMBiB2b 7Q` T2`bQM�H /2p2HQTK2Mi 7Q` i?2 T�`iB+BT�MibX h?2 "�MF Q7 1M;H�M/ ?�b
MmK#2` Q7 2zQ`ib BM i?Bb /B`2+iBQMX 6Q` 2t�KTH2- Ƕ1+QMQJ1Ƕ Bb � 7`22 2/m+�iBQM `2bQm`+2
+`2�i2/ DQBMiHv #v 2/m+�iBQM�H 2tT2`ib �M/ i?2 "�MFX Ai Bb /2bB;M2/ iQ ?2HT vQmM; T2QTH2
�;2/ RR iQ Re mM/2`bi�M/ i?2 2+QMQKv #2ii2` �M/ T`QpB/2 i?2K rBi? i?2 �M�HviB+�H bFBHHb
iQ K�F2 BM7Q`K2/ /2+BbBQMbX h?2 "�MF �HbQ T`QpB/2b BM~�iBQM �M/ BMi2`2bi +�H+mH�iQ`b iQ
?2HT ?Qmb2?QH/b rBi? }M�M+B�H TH�MMBM;X Ai T`2pBQmbHv `�M � M�iBQM�H KQM2i�`v TQHB+v
+QKT2iBiBQM �+`Qbb lE b+?QQHb Uh�`;2i kXyVX

�HH Q7 i?2b2 �`2 TQi2MiB�HHv mb27mH 2t2`+Bb2b iQ 2M;�;2- 2tTH�BM �M/ 2/m+�i2X P7 +Qm`b2-
+2Mi`�H #�MFb �`2 +QMbi`�BM2/ #v r?�i `2bQm`+2b i?2v ?�p2 �p�BH�#H2X hrQ �+iBpBiB2b rBHH
?2HT 7Q+mb i?2 �HHQ+�iBQM Q7 `2bQm`+2b BM i?2 7mim`2X 6B`bi- HBbi2MBM; iQ � rB/2 �``�v Q7
bi�F2?QH/2` Bb QM2 r�v iQ H2�`M r?2`2 iQ i�`;2i i?2 2/m+�iBQM�H 2zQ`ibX a2+QM/- +�`27mH
2t�KBM�iBQM �M/ �TT`�Bb�H Q7 i?2 bm++2bb2b �M/ 7�BHm`2b Q7 /Bz2`2Mi �TT`Q�+?2b b?QmH/ #2
mM/2`i�F2MX

e *QM+HmbBQM
h?2 H�bi /2+�/2 ?�b b22M +2Mi`�H #�MFb `2bTQM/ iQ i?2 +?�HH2M;2b TQb2/ #v i?2 7�HHQmi
Q7 i?2 }M�M+B�H +`BbBb #v 2M;�;BM; KQ`2 �M/ KQ`2 rBi? � #`Q�/2` �m/B2M+2 �#Qmi KQM2@
i�`v TQHB+vX S`QpB/BM; +H�`Biv Bb HBF2Hv BKTQ`i�Mi #mi i?Bb T�T2` �`;m2b i?�i 2tTH�M�iBQM
i?`Qm;? bBKTHB}2/ +QKKmMB+�iBQM K�v- �HQM2- #2 M2+2bb�`v #mi MQi bm{+B2MiX *2Mi`�H
#�MFb M22/ +QKTH2K2Mi�`v 2zQ`ib BM 2M;�;2K2Mi �M/ 2/m+�iBQMX

h?2`2 Bb Km+? biBHH iQ #2 /QM2 iQ mM/2`bi�M/ i?2 QTiBK�H /2bB;M �M/ mb2 Q7 +QKKm@
MB+�iBQM rBi? i?2 ;2M2`�H Tm#HB+X h?Bb BM+Hm/2b 7m`i?2` `2b2�`+?- �M/ 7m`i?2` T`�+iB+�H
2tT2`BK2Mi�iBQM BM i2`Kb Q7 +QKKmMB+�iBQM rBi? i?2 Tm#HB+X am+? 2tT2`BK2Mib b?QmH/ #2
b+`miBMBb2/ 7Q` i?2 H2bbQMb Q7 r?�i rQ`F2/- r?�i /B/MǶi �M/ r?vX h?2 *1S_ ?�b `2+2MiHv
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BMBiB�i2/ � _2b2�`+? SQHB+v L2irQ`F- iQ;2i?2` rBi? i?2 1m`QT2�M *2Mi`�H "�MF �M/ rBi?
K2K#2`b?BT Q7 K�Mv +2Mi`�H #�MFb- �+�/2KB+b- DQm`M�HBbib �M/ T`Q72bbBQM�H 2+QMQKBbibX
h?2 Q#D2+iBp2 Bb iQ 2M+Qm`�;2 bm+? `2b2�`+? 2zQ`ib �M/ i?2 /Bbb2KBM�iBQM Q7 }M/BM;b iQ
#Qi? `2b2�`+?2`b- i?Qb2 BMpQHp2/ BM +QKKmMB+�iBQM BM +2Mi`�H #�MFb- DQm`M�HBbib �b r2HH
�b Qi?2` BMi2`2bi2/ bi�F2?QH/2`bX

JQ`2Qp2`- KQbi +2Mi`�H #�MFb MQr ?�p2 `2KBib i?�i 2ti2M/ #2vQM/ KQM2i�`v TQHB+vX
h?2 /2bB;M Q7 +QKKmMB+�iBQM bi`�i2;B2b �`2 HBF2Hv bT2+B}+ iQ 2�+? Q#D2+iBp2 2bT2+B�HHv bBM+2
i?2 �m/B2M+2b �`2 TQbbB#Hv /Bz2`2MiX 6Q` 2t�KTH2- i?2 +QKKmMB+�iBQM �#Qmi T`m/2MiB�H
TQHB+B2b K�v ;Bp2 `Bb2 iQ 2p2M iQm;?2` +?�HH2M;2bX h?Bb Bb #2+�mb2 i?2 TQHB+B2b �BKb KB;?i
#2 ?�`/2` iQ +QKKmMB+�i2 �M/ i?2 iQQHb �p�BH�#H2 �`2 KQ`2 p�`B2/ #Qi? rBi?BM �M/ �+`Qbb
+QmMi`B2bX

*2Mi`�H #�MFb Kmbi `2K�BM bi2�/7�bi BM i?2B` 2zQ`ib iQ `2�+? � #`Q�/2` �m/B2M+2X
:Bp2M i?2 M2+2bb�`v /2;`22 Q7 i`B�H �M/ 2``Q`- i?2`2 rBHH #2 KBbi�F2bX "mi bm++2bb b?QmH/
MQi #2 K2�bm`2/ #v i?2 �#BHBiv iQ `2�+? 2p2`vQM2- #mi `�i?2` #v 2M;�;BM; 2p2M HBKBi2/
�m/B2M+2b #2vQM/ i?2 +m``2Mi bK�HH +Q`2 �m/B2M+2 Q7 i2+?MB+�H bT2+B�HBbib �M/ BM7Q`K�iBQM
BMi2`K2/B�`B2bX

_272`2M+2b
�`K�MiB2`- PX- "`mBM2 /2 "`mBM- qX- hQT�- :X- p�M /2` EH��mr- qX- �M/ w�7�`- "X

UkyR8VX AM~�iBQM 2tT2+i�iBQMb �M/ #2?�pBQ`, .Q bm`p2v `2bTQM/2Mib �+i QM i?2B` #2HB27b\
AMi2`M�iBQM�H 1+QMQKB+ _2pB2r- 8eUkV,8y8Ĝ8jeX

"�+?K�MM- _X- "2`;- hX PX- �M/ aBKb- 1X _X UkyR8VX AM~�iBQM 2tT2+i�iBQMb �M/ `2�/BM2bb
iQ bT2M/, *`Qbb@b2+iBQM�H 2pB/2M+2X �K2`B+�M 1+QMQKB+ CQm`M�H, 1+QMQKB+ SQHB+v-
dURV,RĜj8X

"�BH2v- JX- *�Q- _X- Em+?H2`- hX- �M/ ai`ƺ#2H- CX UkyRdVX h?2 1+QMQKB+ 1z2+ib P7
aQ+B�H L2irQ`Fb, 1pB/2M+2 6`QK h?2 >QmbBM; J�`F2iX CQm`M�H Q7 SQHBiB+�H 1+QMQKv-
6Q`i?+QKBM;X

"?QH�i- .X- "`Qm;?iQM- LX- S�`F2`- �X- h2` J22`- CX- �M/ q�H+x�F- 1X UkyR3VX 1M?�M+BM;
+2Mi`�H #�MF +QKKmMB+�iBQMb rBi? #2?�pBQm`�H BMbB;?ibX "�MF Q7 1M;H�M/ rQ`FBM;
T�T2`b d8y- "�MF Q7 1M;H�M/X

"BM/2`- *X UkyRdVX 62/ bT2�F QM K�BM bi`22i, *2Mi`�H #�MF +QKKmMB+�iBQM �M/ ?Qmb2?QH/
2tT2+i�iBQMbX CQm`M�H Q7 J�+`Q2+QMQKB+b- 8k,kj3 Ĝ k8RX

"BM/2`- *X �M/ _Q/`B;m2- �X UkyR3VX >Qmb2?QH/ AM7Q`K2/M2bb �M/ GQM;ɢ_mM AM~�iBQM
1tT2+i�iBQMb, 1tT2`BK2Mi�H 1pB/2M+2X aQmi?2`M 1+QMQKB+ CQm`M�H- 38UkV,83yĜ8N3X
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"HBM/2`- �X UkyyNVX h�HFBM; �#Qmi KQM2i�`v TQHB+v, i?2 pB`im2b U�M/ pB+2\V Q7 +2Mi`�H
#�MF +QKKmMB+�iBQMX "Aa qQ`FBM; S�T2`b kd9- "�MF 7Q` AMi2`M�iBQM�H a2iiH2K2MibX

"HBM/2`- �X aX UkyR3VX h?`Qm;? � +`vbi�H #�HH /�`FHv, h?2 7mim`2 Q7 KQM2i�`v TQHB+v
+QKKmMB+�iBQMX �1� S�T2`b �M/ S`Q+22/BM;b- Ry3,8edĜdRX

"HBM/2`- �X aX- 1?`K�MM- JX- 6`�ixb+?2`- JX- >��M- CX .X- �M/ C�Mb2M- .X@CX Ukyy3VX
*2Mi`�H "�MF *QKKmMB+�iBQM �M/ JQM2i�`v SQHB+v, � am`p2v Q7 h?2Q`v �M/ 1pB/2M+2X
CQm`M�H Q7 1+QMQKB+ GBi2`�im`2- �K2`B+�M 1+QMQKB+ �bbQ+B�iBQM- 9eU9V,NRyĜ98X

"`�mM- "X UkyReVX aT2�FBM; iQ i?2 T2QTH2\ JQM2v- i`mbi- �M/ +2Mi`�H #�MF H2;BiBK�+v BM
i?2 �;2 Q7 [m�MiBi�iBp2 2�bBM;X _2pB2r Q7 AMi2`M�iBQM�H SQHBiB+�H 1+QMQKv- kjUeV,Rye9Ĝ
RyNkX

"`�mM- "X UkyR3VX *2Mi`�H #�MF TH�MMBM;\ lM+QMp2MiBQM�H KQM2i�`v TQHB+v �M/ i?2 T`B+2
Q7 #2M/BM; i?2 vB2H/ +m`p2- T�;2b RN9 Ĝ kReX Pt7Q`/ lMBp2`bBiv S`2bbX

"m`MbB/2- *X- 1B+?2M#�mK- JX- �M/ _2#2HQ- aX UkyReVX lM/2`bi�M/BM; "QQKb �M/ "mbib
BM >QmbBM; J�`F2ibX CQm`M�H Q7 SQHBiB+�H 1+QMQKv- Rk9U9V,Ry33ĜRR9dX

*Q2M2M- :X- 1?`K�MM- JX- :�#�HHQ- :X- >QzK�MM- SX- L�FQp- �X- L�`/2HHB- aX- S2`bbQM-
1X- �M/ ai`�bb2`- :X UkyRdVX *QKKmMB+�iBQM Q7 KQM2i�`v TQHB+v BM mM+QMp2MiBQM�H
iBK2bX qQ`FBM; S�T2` a2`B2b ky3y- 1m`QT2�M *2Mi`�H "�MFX

*QB#BQM- PX- :Q`Q/MB+?2MFQ- uX- �M/ q2#2`- JX UkyRNVX JQM2i�`v SQHB+v *QKKmMB+�@
iBQMb �M/ i?2B` 1z2+ib QM >Qmb2?QH/ AM~�iBQM 1tT2+i�iBQMbX L"1_ qQ`FBM; S�T2`b
k893k- L�iBQM�H "m`2�m Q7 1+QMQKB+ _2b2�`+?- AM+X

*`Qr2- *X UkyRyVX h2biBM; i?2 i`�MbT�`2M+v #2M2}ib Q7 BM~�iBQM i�`;2iBM;, 1pB/2M+2 7`QK
T`Bp�i2 b2+iQ` 7Q`2+�bibX CQm`M�H Q7 JQM2i�`v 1+QMQKB+b- 8dUkV,kkeĜkjkX

.m+�- AX �X- E2MMv- :X- �M/ _2mi2`- �X UkyR3VX AM~�iBQM 1tT2+i�iBQMb- *QMbmKTiBQM �M/
i?2 GQr2` "QmM/, JB+`Q 1pB/2M+2 7`QK � G�`;2 1l am`p2vX

:�Hő- CX UkyR8VX JQM2i�`v SQHB+v- AM~�iBQM- �M/ i?2 "mbBM2bb *v+H2, �M AMi`Q/m+iBQM
iQ i?2 L2r E2vM2bB�M 6`�K2rQ`F �M/ Aib �TTHB+�iBQMbX S`BM+2iQM lMBp2`bBiv S`2bb-
S`BM+2iQM- la� �M/ Pt7Q`/- lE- k 2/BiBQMX

:QQ/H�M/- _X URNN8VX h?2 +QM+2Ti Q7 2MpB`QMK2Mi�H bmbi�BM�#BHBivX �MMm�H _2pB2r Q7
1+QHQ;v �M/ avbi2K�iB+b- ke,RĜk9X

>�H/�M2- �X- J�+�mH�v- �X- �M/ J+J�?QM- JX UkyRNVX *2Mi`�H "�MF *QKKmMB+�iBQM BM
� qQ`H/ Q7 _�iBQM�H AM�ii2MiBQMX h2+?MB+�H `2TQ`iX

>�H/�M2- �X �M/ J+J�?QM- JX UkyR3VX *2Mi`�H #�MF +QKKmMB+�iBQMb �M/ i?2 ;2M2`�H
Tm#HB+X �1� S�T2`b �M/ S`Q+22/BM;b- Ry3,8d3Ĝ3jX
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>�H/�M2- �X :X UkyRdVX � GBiiH2 JQ`2 *QMp2`b�iBQM- � GBiiH2 G2bb �+iBQMX aT22+? ;Bp2M
�i i?2 62/2`�H _2b2`p2 "�MF Q7 a�M 6`�M+Bb+Q J�+`Q2+QMQKB+b �M/ JQM2i�`v SQHB+v
*QM72`2M+2- jR J�`+? kyRdX

>�Mb2M- aX- J+J�?QM- JX- �M/ S`�i- �X UkyRdVX h`�MbT�`2M+v �M/ .2HB#2`�iBQM rBi?BM
i?2 6PJ*, � *QKTmi�iBQM�H GBM;mBbiB+b �TT`Q�+?X h?2 Zm�`i2`Hv CQm`M�H Q7 1+Q@
MQKB+bX 6Q`i?+QKBM;X

>�Mb2M- aX- J+J�?QM- JX- �M/ o2H�b+Q- *X UkyR9VX >Qr 1tT2`ib .2+B/2, S`272`2M+2b
Q` S`Bp�i2 �bb2bbK2Mib QM � JQM2i�`v SQHB+v *QKKBii22\ CQm`M�H Q7 JQM2i�`v 1+Q@
MQKB+bX

CQbi- �X UkyRdVX Ab JQM2i�`v SQHB+v hQQ *QKTH2t 7Q` i?2 Sm#HB+\ 1pB/2M+2 7`QK i?2 lEX
h2+?MB+�H `2TQ`iX

E`vpibQp- PX �M/ S2i2`b2M- GX UkyRjVX 1tT2+i�iBQMb �M/ JQM2i�`v SQHB+v, 1tT2`BK2Mi�H
1pB/2M+2X h2+?MB+�H `2TQ`iX

J�ÉFQrB�F- "X �M/ qB2/2`?QHi- JX UkyyNVX PTiBK�H aiB+Fv S`B+2b mM/2` _�iBQM�H AM�i@
i2MiBQMX �K2`B+�M 1+QMQKB+ _2pB2r- NNUjV,deNĜ3yjX

J�ÉFQrB�F- "X �M/ qB2/2`?QHi- JX UkyR8VX "mbBM2bb *v+H2 .vM�KB+b mM/2` _�iBQM�H
AM�ii2MiBQMX _2pB2r Q7 1+QMQKB+ aim/B2b- 3kU9V,R8ykĜR8jkX

J�HK2M/B2`- lX �M/ L�;2H- aX UkyReVX G2�`MBM; 7`QK BM~�iBQM 2tT2`B2M+2bX h?2 Zm�`i2`Hv
CQm`M�H Q7 1+QMQKB+b- RjRURV,8jĜ3dX

J+J�?QM- JX- a+?BTF2- �X- �M/ GB- sX UkyR3VX *?BM�Ƕb JQM2i�`v SQHB+v *QKKmMB+�iBQM,
6`�K2rQ`Fb- AKT�+i- �M/ _2+QKK2M/�iBQMbX AJ6 qQ`FBM; S�T2`b R3fk99- AMi2`M�@
iBQM�H JQM2i�`v 6mM/X

JQ``Bb- aX �M/ a?BM- >X aX UkyykVX aQ+B�H o�Hm2 Q7 Sm#HB+ AM7Q`K�iBQMX �K2`B+�M 1+QMQKB+
_2pB2r- NkU8V,R8kRĜR8j9X

S2i2`b2M- GX- �K�MQ- _X- �M/ E`vpibQp- PX UkyR9VX _2+2Mi .2p2HQTK2Mib BM 1tT2`BK2Mi�H
J�+`Q2+QMQKB+bX .Bb+mbbBQM S�T2`b /TR9@y3- .2T�`iK2Mi Q7 1+QMQKB+b- aBKQM 6`�b2`
lMBp2`bBivX

_2Bb- _X UkyRRVX q?2M a?QmH/ SQHB+vK�F2`b J�F2 �MMQmM+2K2Mib\ JBK2Q;`�T?X

_Q+F�HH- 1X UkyR3VX *QmH/ FMQrH2/;2 �#Qmi *2Mi`�H #�MFb BKT�+i ?Qmb2@
?QH/bǶ 2tT2+i�iBQMb\ ?iiTb,ff#�MFmM/2`;`QmM/X+QXmFfkyR3fRyfkkf
+QmH/@FMQrH2/;2@�#Qmi@+2Mi`�H@#�MFb@BKT�+i@?Qmb2?QH/b@2tT2+i�iBQMbfX

a?BHH2`- _X CX UkyRdVX L�``�iBp2 1+QMQKB+bX �K2`B+�M 1+QMQKB+ _2pB2r- RydU9V,NedĜRyy9X
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aBKb- *X �X UkyyjVX AKTHB+�iBQMb Q7 `�iBQM�H BM�ii2MiBQMX CQm`M�H Q7 JQM2i�`v 1+QMQKB+b-
8yUjV,ee8ĜeNyX

aFBM;bH2v- *X UkyRNVX >Qr iQ QT2M mT � +2Mi`�H #�MF Ĝ �M/ r?v bi�v QT2MX aT22+? ;Bp2M
�i i?2 �MMm�H _2b2�`+? *QM72`2M+2 Q7 i?2 L�iBQM�H "�MF Q7 lF`�BM2X kj J�v- kyRNX

o2HH2FQQT- LX �M/ qB2/2`?QHi- JX UkyR3VX AM~�iBQM 1tT2+i�iBQMb �M/ *?QB+2b Q7 >Qmb2@
?QH/bX

qQQ/7Q`/- JX UkyyRVX JQM2i�`v TQHB+v BM i?2 BM7Q`K�iBQM 2+QMQKvX S`Q+22/BM;b @ 1+Q@
MQKB+ SQHB+v avKTQbBmK @ C�+FbQM >QH2- T�;2b kNdĜjdyX
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� �TT2M/Bt, 1tT2+i2/ miBHBiv HQbb 7`QK BM�ii2MiBQM
h?Bb /2`Bp�iBQM 7QHHQrb i?2 bi2Tb Q7 �TT2M/Bt . BM J�ÉFQrB�F �M/ qB2/2`?QHi UkyR8VX
.2}M2 Ũ �b i?2 HQ;@[m�/`�iB+ �TT`QtBK�iBQM Q7 i?2 /Bb+QmMi2/ ?Qmb2?QH/ miBHBiv 7mM+iBQM
U - �M/ H2i Ũ∗ #2 i?2 2[mBp�H2Mi 7Q` i?2 7mHHv BM7Q`K2/ ?Qmb2?QH/X h?2 �TT`QtBK�iBQM Bb
i�F2M �#Qmi i?2 bi2�/v bi�i2X LQi2 i?�i bBM+2 BM bi2�/v bi�i2 �HH b?Q+Fb 2[m�H i?2 ?Qmb2@
?QH/ T`BQ` #2HB27b Q7 x2`Q- BM�ii2MiBQM TH�vb MQ `QH2 BM i?2 /2i2`KBM�iBQM Q7 i?2 bi2�/v bi�i2X

Ai +�M #2 b?QrM i?�i i?2 2tT2+i2/ miBHBiv HQbb 7`QK BM�ii2MiBQM Bb,

Ũ∗ − Ũ = −EH
0

∞∑

t=0

βt

[
1

2
(xt − x∗

t )H0(xt − x∗
t )

′ + (xt − x∗
t )H1(xt+1 − x∗

t+1)
′

]
Uk9V

q?2`2 xt = [bt nt]- �M/,

H0 =

[
Ubb Ubn

Ubn Unn

]
Uk8V

H1 =

[
Ubb1 Ubn1

Unb1 Unn1

]
UkeV

Uij Bb i?2 b2+QM/ /2`Bp�iBp2 Q7 /Bb+QmMi2/ miBHBiv U U#27Q`2 �TT`QtBK�iBQMV rBi? `2bT2+i
iQ i �M/ j- 2p�Hm�i2/ �i i?2 bi2�/v bi�i2X LQi2 i?�i HQr2` +�b2 xt Bb i?2 HQ;@/2pB�iBQM Q7
x 7`QK bi2�/v bi�i2 BM T2`BQ/ tX 6m`i?2`KQ`2- /2MQi2 i?2 bi2�/v bi�i2 Q7 x #v i?2 +�TBi�H
X- �M/ H2i x̃t = xt − x∗

t X Uij1 Bb i?2 b2+QM/ /2`Bp�iBp2 rBi? `2bT2+i iQ it jt+1X

AM i?Bb T�`iB+mH�` KQ/2H- bm#biBimiBM; BM 7Q` Uij �M/ bm#biBimiBM; Qmi 7Q` #QM/b mbBM;
i?2 #m/;2i +QMbi`�BMi- r2 ?�p2,

Ũ∗ − Ũ = −EH
0

∞∑

t=0

βt

[
− 1

2
σB2C−σ−1

(
1 +

1

β

)
b̃2t + σWNBC−σ−1b̃tñt −

ϕ

2
N1+ϕñ2

t

− σ

2
W 2N2C−σ−1ñ2

t + σB2C−σ−1b̃tb̃t+1 − σBWNC−σ−1b̃tñt+1

]
UkdV

6�+iQ`BbBM;,

Ũ∗ − Ũ = EH
0

∞∑

t=0

βt

[
ϕ

2
N1+ϕñ2

t − C−σ−1

(
− 1

2
σB2

(
1 +

1

β

)
b̃2t + σWNBb̃tñt

− σ

2
W 2N2ñ2

t + σB2b̃tb̃t+1 − σBWNb̃tñt+1

)]
Uk3V
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LQr /2}M2 i?`22 M2r p�`B�#H2b,
∆t = Bb̃t UkNV

∆c,t =
1

β
∆c,t−1 − Cc̃t UjyV

∆n,t =
1

β
∆n,t−1 +WNñt UjRV

h?2 HQ;@HBM2�`Bb2/ #m/;2i +QMbi`�BMi BKTHB2b,

Cc̃t +Bb̃t =
1

β
Bb̃t−1 +WNñt UjkV

6`QK i?Bb- r2 Q#i�BM,
∆t = ∆c,t +∆n,t UjjV

h�FBM; i?2 i2`K BM `QmM/ #`�+F2ib BM 2[m�iBQM k3 r2 bm#biBimi2 Qmi 7Q` b̃ �M/ ñ mbBM;
i?2b2 M2r p�`B�#H2b iQ Q#i�BM,

− 1

2
σ

(
1+

1

β

)
(∆c,t+∆n,t)

2+σ(∆c,t+∆n,t)

(
∆n,t−

1

β
∆n,t−1

)
− 1

2
σ

(
∆n,t−

1

β
∆n,t−1

)2

+ σ(∆c,t +∆n,t)(∆c,t+1 +∆n,t+1)− σ(∆c,t +∆n,t)

(
∆n,t+1 −

1

β
∆n,t

)
Uj9V

1tT�M/BM; i?2 #`�+F2ib �M/ +�M+2HHBM; i2`Kb r2 Q#i�BM,

− 1

2
σ

(
1+

1

β

)
∆2

c,t+σ∆c,t∆c,t+1+σ

(
∆n,t∆c,t+1−

1

β
∆n,t−1∆c,t

)
+

1

2β
σ

(
∆2

n,t−
1

β
∆2

n,t−1

)

Uj8V
LQr r2 i�F2 i?2 }`bi irQ i2`Kb Q7 i?Bb 2tT`2bbBQM �M/ r`Bi2 i?2K �b,

− σ

2
∆2

c,t −
σ

2β
∆2

c,t + σ∆c,t∆c,t+1 UjeV

am#biBimi2 Qmi 7Q` ∆c,t BM i?2 }`bi i2`K Q7 i?Bb- �M/ 7Q` ∆c,t+1 BM i?2 i?B`/ i2`K- mbBM;
2[m�iBQM jy- iQ Q#i�BM,

− σ

2

(
1

β2
∆2

c,t−1 −
2C

β
c̃t∆c,t−1 + C2c̃2t

)
− σ

2β
∆2

c,t +
σ

β
∆2

c,t − σCc̃t+1∆c,t UjdV

_2�``�M;BM;,

− σC2

2
c̃2t +

σ

2β

(
∆2

c,t −
1

β
∆2

c,t−1

)
− σCc̃t+1∆c,t +

σC

β
c̃t∆c,t−1 Uj3V
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lbBM; i?2b2 2tT`2bbBQMb i?2 miBHBiv HQbb 7`QK BM�ii2MiBQM #2+QK2b,

Ũ∗ − Ũ = EH
0

∞∑

t=0

βt

[
ϕ

2
N1+ϕñ2

t +
σC1−σ

2
c̃2t

− C−σ−1

(
σ

2β

(
∆2

c,t −
1

β
∆2

c,t−1

)
− σCc̃t+1∆c,t +

σC

β
c̃t∆c,t−1+

σ

(
∆n,t∆c,t+1 −

1

β
∆n,t−1∆c,t

)
+

1

2β
σ

(
∆2

n,t −
1

β
∆2

n,t−1

))]
UjNV

LQiB+2 i?�i 2p2`v i2`K rBi?BM i?2 `QmM/ #`�+F2ib +�M+2Hb rBi? � +Q``2bTQM/BM; i2`K BM �M@
Qi?2` T2`BQ/X lbBM; limT→∞ βTE0[∆2

c,T ] = limT→∞ βTE0[∆2
n,T ] = limT→∞ βTE0[∆n,T∆c,T+1] =

limT→∞ βTE0[∆c,T c̃T+1] = 0- r2 i?2`27Q`2 ?�p2,

Ũ∗ − Ũ = EH
0

∞∑

t=0

βt

[
ϕ

2
N1+ϕñ2

t +
σC1−σ

2
c̃2t

]
U9yV

6BM�HHv- MQi2 i?�i i?`Qm;? i?2 HQ;@HBM2�`Bb2/ H�#Qm` bmTTHv +QM/BiBQM- ñt = −σ
ϕ c̃t- bQ,

Ũ∗ − Ũ =
σ

2
EH

0

∞∑

t=0

βt

[
C1−σ +

σ

ϕ
N1+ϕ

]
c̃2t U9RV

aBM+2 i?2 KQ/2H Bb bi�iBQM�`v- i?2 2tT2+i2/ HQbb 7`QK BM�ii2MiBQM Bb i?2`27Q`2 T`QTQ`iBQM�H
iQ i?2 p�`B�M+2 Q7 c̃t = (c∗t − ct)X
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" �TT2M/Bt, *�HB#`�iBQM
AM b2+iBQM j r2 mb2 � bi�M/�`/ [m�`i2`Hv +�HB#`�iBQM- rBi? p�Hm2b �b BM i?2 i�#H2 #2HQrX

S�`�K2i2` L�K2 o�Hm2
β .Bb+QmMi 7�+iQ` yXNN
σ *Q2{+B2Mi Q7 `BbF �p2`bBQM R
ϕ .BbmiBHBiv Q7 H�#Qm` R
ϵ 1H�biB+Biv Q7 bm#biBimiBQM N
κ S?BHHBTb +m`p2 bHQT2 yXj9
φπ h�vHQ` `mH2 +Q2{+B2Mi RX8
σ2
a o�`B�M+2 Q7 i2+?MQHQ;v b?Q+Fb yXyR
σ2
v o�`B�M+2 Q7 +Qbi@Tmb? b?Q+Fb yXyR

LQi2b, *�HB#`�iBQM mb2/ BM i?2 bBKmH�iBQMb Q7 i?2 KQ/2H BM b2+iBQM jX

q2 b2i i?2 T�`�K2i2`b Q7 i?2 �ii2MiBQM /2+BbBQM �b,

S�`�K2i2` L�K2 o�Hm2
FIR *QKTH2tBiv Q7 i?2 AM~�iBQM _2TQ`i R
FL *QKTH2tBiv Q7 H�v2`2/ +QMi2Mi yXk8
τa aB;M�H iQ MQBb2 BM i2+?MQHQ;v bB;M�H yXN
τv aB;M�H iQ MQBb2 BM +Qbi bB;M�H yXN
λ S`QTQ`iBQM rBi? MQ T`Q+2bbBM; +Qbi yXy8
δc h`mbi BKT`Qp2K2Mi 7`QK 2M;�;2K2Mi yXR
δs h`mbi +?�M;2 7`QK bm`T`Bb2 −0.105

ES

ψ S�`�K2i2` BM µh /Bbi`B#miBQM N

LQi2b, *�HB#`�iBQM mb2/ BM i?2 bBKmH�iBQMb Q7 i?2 KQ/2H BM b2+iBQM jX

h?2b2 T�`�K2i2`b BKTHv i?�i #27Q`2 H�v2`2/ +QMi2Mi- R9X8W Q7 �HH ?Qmb2?QH/b `2�/ i?2
AM~�iBQM _2TQ`iX AM i?2 }`bi T2`BQ/ Q7 i?2 H�v2`2/ +QMi2Mi- 8W `2�/ i?2 AM~�iBQM _2TQ`i
�M/ k3X8W `2�/ i?2 H�v2`2/ +QMi2MiX

q?2M r2 bim/v +?�M;2b BM i?2 BMBiB�H H2p2H Q7 i`mbi- i?2 ?B;? i`mbi +�b2 ?�b i?Qb2
`2�/BM; i?2 AM~�iBQM _2TQ`i rBi? 7mHH i`mbi- �M/ i?Qb2 MQi `2�/BM; rBi? i`mbi yXNX h?2
HQr i`mbi +�b2 ?�b i?2b2 ?Qmb2?QH/b QM i`mbi yXk �M/ yXR `2bT2+iBp2HvX h?2 ?B;?2` δc r2
+QMbB/2` Bb yXRR- �M/ i?2 HQr2` δs r2 +QMbB/2` Bb −0.095

ES X
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* 1z2+i Q7 ai�`iBM; G2p2H Q7 h`mbi _2H�iBp2 iQ J2/BmK
h`mbi "�b2HBM2

6B;m`2 Rk THQib i?2 2[mBp�H2Mi Q7 6B;m`2 9 BM i?2 K�BM i2ti #mi BM i?2b2 };m`2b i?2
/2pB�iBQMb �`2 `2H�iBp2 iQ i?2 #�b2HBM2 bi�`iBM; H2p2H BM i?2 K2/BmK i`mbi +�b2X
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6B;m`2 Rk, hBK2 T�i? Q7 λt- T̄t- o�`π �M/ o�`ỹt �7i2` i?2 BMi`Q/m+iBQM Q7 bBKTHB}2/ +QKKmMB@
+�iBQM, i?2 2z2+i Q7 bi�`iBM; rBi? ?B;?2` Q` HQr2` i`mbi

LQi2b, h?2 #Hm2 /Qii2/ HBM2 Bb i?2 2tT2+i2/ T�i? Q7 2Bi?2` b?�`2 Q7 T`Q+2bbBM; ?Qmb2?QH/b-
�p2`�;2 i`mbi- i?2 p�`B�M+2 Q7 BM~�iBQM Q` Q7 i?2 QmiTmi ;�T `2H�iBp2 iQ BMBiB�H p�Hm2b BM
i?2 #�b2HBM2 UK2/BmK i`mbiV +�b2X h?2 `2/ bQHB/ HBM2 Bb i?2 2tT2+i2/ T�i? `2H�iBp2 iQ i?2
K2/BmK@i`mbi T2`BQ/ y #�b2HBM2 Q7 i?2 b�K2 p�`B�#H2b BM i?2 +�b2 r?2`2 BMBiB�H i`mbi Bb HQrX
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